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BCTYII

3apa3 B YkpaiHi aKTyaJbHUM € TMUTAHHS PEKOHCTPYKIi OyIiBenb 1 Cropya,
KaliTaJbHUI PEMOHT, a TaKOXK OYAIBHUIITBO HOBUX. [IplopUTETHUM € PEKOHCTPYKIIis,
ajpke Oarato Oy/iBeNlb PYWHY€ETHCS BHACHIJOK BiffHHU, a 1HIIIA YACTUHA 3HAXOIUTHCS
i 3arpo30t0. OcoOJMBO KOJHU II€ CTOCYETHCS TaM’ SITOK apXITEKTYpH, KyJIbTYPHOI
CHaJLIMHY, ICTOPUYHUX 3a0yI0B, KOTpi HeoOxigHOo 30epertu. Komm moBa iine mpo
00’€KTH KyJIbTYypH — II€ 03HAYa€ CKJIAIHY KOHCTPYKTUBHY CXeMy 1 30UIbIIICHUHN 00’ €M
iHpopMaIlii, 0 B CBOIO YEpPry BHMAara€ BIPOBAKEHHS CYYaCHUX TEXHOJOTIH Mpu
CTBOpPEHHI MpoekTy. [IpobiemMu BUHUKAIOTh 3 ICTOPUYHUMH OYJiBIsSIMUA, OO BOHU HE
THUIIOBI, SIK HOBOOY/IOBH, a TAKOXK B HUX € BAXJIMBUMU: aBTEHTUYHICTh, BIJTBOPECHHSI
dacamy 3 MakCHUMaJIbHOIO TOYHICTIO IO KOXKHUX AeTanedt Tomo. [Ipu pexoHCcTpyKIii
OyBae, 0 BUHUKAIOTh HECTUKYBAaHHS Yy (iHAJIbHIA MPOEKTHIN JOKyMEHTallli, pi3Hi
KOJ131i, ajke Ha 2D-cxeMax 1 KpecaeHHSAX Ba)XXKO MOOAaYuTH TakKi MOMUJIKU SK Pi3HI
HakJIaJaHHA 00’ €KTIB OAWH Ha oAHOoro Tomo. Tomy cmig 3acrocoByBatn BIM-
TEXHOJIOT1i, fKi Jaf0Th 3MOT'Yy CTBOPIOBATH TOYHY 1H(GOPMAIIHY MOJENb CIOPY/IH.
BIM-Mozaenb MicTuTh B €001 TreoMeTpuyHi, (i3M4Hi, (YHKUIOHAJIBHI Ta 1HIII
XapaKTEepUCTUKU OyniBesbHOrO 00’€kTa. BukoOpucTaHHsS Ccy4acHHUX METO/IIB
OyIiBETbHOIO BUPOOHHMLITBA 1 MPOEKTyBaHHS, a came BIM-texHoJiorii Mae psin
nepeBar, cepell HHMX: MPUCKOPEHHS poOOTH MpU NPOEKTyBaHHI MNPUOIU3HO Ha
BiJIcOTKIB 20, 3a0e3MeueHHs SKOCTi, TOYHOCTI, 3pyYHOCTI 1 THYYKOCTI B peajizaiii
MPOCKTHUX PIllIeHb. TakoX 3MEHIIEHHS 1 BIJICI1IKOBYBaHHS ITOMUJIOK, HETOYHECTEH,
3MOTYy JI0JIaBaTH J0 TMPOCKTHUX MOjeNiel HOBI pimieHHs, Moaudikaiii ta ixme. [lo
cyti, BIM-texHomorii 3a0e3medyloTh BIATBOPEHHS TOYHOI HHQPPOBOI KOMii
MaifOyTHbOI a00 icHyro4oi OymiBii. ['0JIOBHOIO mMepeBaror € 3MEHILIECHHS BUTpaT,
CKOpDOYEHHSI dYacy, CHpPOIIEHHS TPOIeCiB 1 3MOra MpopaxyBaTH BapTOCTI Y
rpomoBoMy ekBiBajieHT1 0 80-90%. Metoro nanoi podoTu i € ctBopeHHs 3D-moneni
ICHYI04Oi CHOpyIM — THaM’SITKM apXITEeKTypH MiJ peKoHCTpykuito. Ha cboromHi
HAWJOIIBHINIUM METOJOM OTPUMAHHS JaHUX, a CaME€ XMapu TOYOK, JJiIsi CTBOPCHHS

3D-mozen crnopyAu € Jia3epHe CKaHyBaHHsS. TOMy akIeHT HampaBJeHH came Ha



Ha3CMHE JIa3€pHC CKaHyBaHHA. ]_—[aHI/Iﬁ METOA MOXKE 3a0€3MeYUTH TOYHICTH

BUMIPIOBaHb 70 1-2 MM, 1 TaKy X JIeTaJbHICTh TOOYIOBH.



PO3A1JI 1. 3ATI'AJIBHI BIIOMOCTI ITPO BIM MOJAEJIIOBAHHSA

1.1. MeToau BUKOHAHHSI OOMIPHUX POOIT
[cHyIOTH PI3HI METOAM TE€OJe3MYHUX 3HIMaHb OyiBelb Ta CIOPYHd, BTIM
HallyacTilie BUKOPUCTOBYIOTh TPU 3 HHX: 3HIMAaHHA 3a JIOMNOMOIOI0 TaxeoMeTpa,
Ja3epHe CKaHyBaHHS Ta (POTOrpaMMETpUYHMI METO 3HIMaHHSA. BHUKOHaemMo aHai3
3a3HAUYEHUX METOJIIB, BUIUIMBIIK iX OCHOBHI IepeBaru Ta HeMOJiKH. PesynbTatu

aHaJi3y moJiaHo B Ta0. 1.

Ta0muis 1.
[TopiBHSIHHA METO/1IB I'€0IE3MYHOT0 3HIMAHHS 10 JEKIIBKOM MapaMeTpam
Haspa metony: TouHIiCTE [HIBuakicTh Jletanizaris
pobotu
TaxeomeTpuuHui [TocTiiiHO BUCOKa [ToB1IBHO Hwuspka
@DoTorpaMMeTpUYHAN Hwuspka Jyxe mBUIKO Bucoka
JlazepHe cKaHyBaHHSA Bucoka [IIBuako Bucoka

BukopucranHs €JIeKTpOHHUX TaXxeOMETPIB € KJIACUYHUM METOJOM 3HIMaHHS,
KWW Ma€ HAWBHUIIy TOUHICTh BUMIPIOBaHb. L{€i1 METO MIMPOKO 3aCTOCOBYETHCS MIPU
BUKOHAHHI BEJIMKOI KUIBKOCTI T'€0JI€3UYHNX BHUMIPIOBAHb Ta €, MOKJIMBO, HAHOUIBII
yHIBEpCaJIbHUM METOJIOM BUKOHAHHS T€0JIC3MYHUX BUMIpIOBaHb. [Ipore, BUKOHAHHS
3HIMaHHS MaM’ATOK apXITeKTypH BUMAara€ BH3HAYEHHS BEJIIMYE3HOI KIJTBKOCTI TOYOK
Ha MOBEPXHI 00’ €KTY BUMIPIOBaHb. B TakoMy TaxeoOMEeTpUYHE 3HIMAHHS € OBIJILHUM
1 HE3pyuyHMM MeTo/oM. JlomaTkoBuMHU mpoOiieMaMH € CKJIQJHICTh BHUMIPIOBaHb
apXITEeKTYpPHUX €JEMEHTIB CIOPYJ, CKIaAHICTh KOH(Iryparli reoje3uyHoi OCHOBH,
noTpeba B abpuci, Ta iHIIIE.

DOTOrpaMMETPUYHUN METOJ] TAaKOXK KIACMYHUM METOA. XO4Y KIIACUYHE
npodeciitHe QororpamMMmeTpuyHe OOJaJHAHHA Ma€ BHCOKY TOYHICTb, aje JyXe
MOBIJIbHA MIBHUIKICTH po00TH. CydacH] TeXHOJIOTIi 3a0€3MeYyI0Th BUCOKY IIBUIKICTh
1 JIETKICTh pOOOTH BHCOKa, BTIM 3HAYHO HIKYa TOYHICTH. HemosnikamMu Takox €
«IIYMHICTB» OTPUMAHHMX XMap TOYOK, 3aJIeKHICTh BIJ OCBITJIEHOCTI, aJXe B

3aTEMHEHUX JUITHKAX/4aCTUHAX BUHUKAIOTH Mpobaemu. OcoOinBO, SIKIIO TOBOPUTH




B KOHTEKCTI poOOTH 3 00’€KTOM apXiTEKTypH, KOTPUU Ma€ CKJIaaHy KOHQpIryparito
dacany, HasABHICTh APIOHUX €JIEMEHTIB TOINO. | BaXXIMBICTh BIATBOPUTH 00’ €KT
MaKCHUMaJIbHO TOYHO Ta aBTEHTUYHO.

Meron na3zepHOro ckaHyBaHHA € OanmaHcHMM. Hum 3a0e3nedyeThcs 1 BUCOKA
TOYHICTh BUMIPIOBaHb, 1 TOUHICTH 310paHoi iH(pOpMaIlii, a caMe XMapH TOYOK, BUCOKA
JeTani3allis, HA0OYHICTh, TAKOX JTOBOJII BUCOKA MIBUIKICTH POOOTH. 3BICHO, IO iICHYE
3QJIKHICTh TOUHOCTI BUMIPIOBaHb, BIIMOBIAHO 1 OTPUMaHUX JaHUX, Bl BIJCTaHI J0
00’exTy. BTiM Haituacrile, K 1 B JaHii poOOTI, 11€ KOPOTKi BijacTaHi 10 20 MeTpiB.

Takum uYMHOM BUMIpIOBaHHS Tmpu MoOyaoBi 3D mogmeni cropyau Oyiio
BUPIIIEHO BUKOHYBAaTH METOJIOM HA3eMHOr0 Ja3epHOro CKaHyBaHHS. Buxonaemo
OB AETAIBHUI aHa13 IIbOTO METOAY BUMIPIOBAHb.

B ocHOBI MeTOZy — BUKOPUCTAHHS JUIsl BUMIPIOBaHb HAa3€MHHX JIa3€pPHUX CKaHEPIB
(mami — HJIC).

Cytaictio HJIC € BuMiproBaHHSI BIJCTaHEW 3 BHCOKOI MIBUAKICTIO (Bif
JEKUIBKOX THUCSY JI0 MUIbIIOHA TOYOK HA CEKYHIY) Ta PpEeecTparlisi BIIMOBIIHUX
HaIpsMKIB (BEPTUKAJIBHUX Ta FOPU30OHTAILHUX KYTIB), OT)KE, BUMIPIOBAHI1 BEJIMYNHU
M1 Yac HA3eMHOTO JIA3ePHOTO CKaHYBaHHS € aHAJOTIYHUMHU, SK 1 MiJl 4ac poOOTH 3
CJIEKTPOHHUMH TaxeoMeTpaMu. OJHAK MPUHIMI TOTAJIBHOI 3MOMKH O0'€KTa, a HE
Horo okpemux TO4OK, xapakrepusye HIJIC gk 3HIMaNbHY CHCTEMY, PE3YIBTATOM
poOOTH SIKOi € TpUBUMIpHE 300paKEHHS, TaK 3BaHUN CKaH y BUIJISIII XMapy TOYOK.
HJIC cknamaethest 3 J1a3epHOTO BiAgaieMipy, MIPUCTOCOBAHOTO ISl BUCOKOYACTOTHOT
pobotu, Ta OJIOKYy PO3TOPTKH JIA3€PHOrO TPOMEHIO. bBJIOKOM pO3ropTkH €
CEpBOMEXaHI3M Ta MOJITOHAIIBHE J3epKajio, a0o mpu3ma.

binbmiicts cydachux HJIC waroTe mnomioHy cTpyktypy. Jo OCHOBHHX
0COOJMBOCTEH MPUIIAJIIB, III0 MAIOTh MOMI0H1 TEXHIYHI PIIICHHS, BITHECEMO:

- BUMIPIOBAHHS BIIJIIKIB IO TOPU30HTAILHOMY Ta BEPTUKAIILHOMY KPYTY
3a JIOTIOMOT'OK0 €HJIOKOEPiB;
- BUKOPHUCTaHHS 00€pTOBOTO J3EpKaja;

- BHUKOPUCTAHHA iMHYJIbCHOFO MCTOAY BU3HAUCHH BiI[CTaHi.
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[Ipu upomy, nesiki HJIC BUKOPUCTOBYIOTH TI'€OJIE3UYHY CHCTEMY KOOPIAMHAT

(Leica), neski iy — marematuuny (Faro).

: i
a) ; Mirror b) ;
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2 direction e
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5 /
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1 Vertical
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Puc.1.1.1. a) JlokanbHa ieKkapTOBa cUCTEMa KOOPJIMHAT CKaHEpPa BIIHOCHO TOJIOBHUX
oceit npunaay; 6) JlokaapHa cucTeMa KOOpMHAT CKaHepa, IEPETBOPEHA Yy MOJISIPHI
KOOPJIMHATH.

HaiiGinpimn momynsipHUMH HA3eMHUMH JIa3€pHUMH CKaHepaMH B YKpaiHi €
cka"epu ¢ipMm Leica ta Faro, Takosx npejcrapieni ckanepu i Trimble.

HazeMHe na3zepHe CKkaHyBaHHSI € CY4YacCHOI) TEXHOJIOTIEI0, SIKa NIBHJIKO Ta
aKTUBHO PO3BHUBAETHCS. PI3HOMAHITHICTh TEXHIYHUX PIICHb, SKI TPUAMAIOTh
BUPOOHUKHU TE€OJC3UYHOr0 OOJIaJHAHHS MPU3BOJUTH 1O TMOSIBU TMpUIadiB 3
PI3HOMAHITHUMHM TEXHIYHMMHM 1 METPOJIOTIYHUMHU XapakTepUCTHKaMu. BukoHaeMo
aHaII3 ICHYIOUMX THUIIIB Ha3€MHUX JIa3€pPHUX CKaHEpiB. Pe3ynbTaTu aHaiizy 3aHECEMO

y Tabmn.2.
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Taomurg 2.

Tunu HazeMHUX JIA3CPHUX CKaHCpiB

I'eones3nuni [TopraruBHi Cxkanyroui

TaXEOMETPUYHI CUCTEMU

/ / A4

TexHiUHI XapaKTEPUCTUKH: TexHiuHI XapaKTEePUCTUKHU: TexHiuHI XapaKTePUCTUKHU:
CKII BumiproBaHb KyTiB — CKII BuMmiproBaHb KyTiB — CKII BumiproBanb KyTiB — 2"}
BiZ 5" mo 10 "; Big 10" mo 30 "; CKII BumiproBaHb BiJICTaHEH
) . . . ) . —Big (1-2) mMm + (1-2) ppm;
CKII BumiproBaHb BicTaHen CKII BumiproBaHb BigcTaHnei A (1-2) (1-2) pp
—Big 1 mm + 10 ppm; —Big 1 MM 10 6 MM; MakcuMmalbHAH Jiana3oH
o . .. BUMIpIoBaHb — 110 5000 Mm;
MaxkcumabHu# g1ama3oH MakcumannLHui giamma3zoH
BUMIpIOBaHb — BiJ 250 Mm; BUMIipIOBaHb — 110 350 M; [Isunxonis Bix 20000 1/cex

IIsunxomis Bix 1000000 1/cex HIBuakonis Bix 300000 1/cex

Haiisckpasimumu npejcrapaukamu nepmoi rpynu € HJIC ¢ipmu Leica
Geosystems cepii P. Taki ckanepu 3a3Bu4ail MaroTh 3HauHy Bary — g0 15-20 kr ta ix
4acTO BUKOPUCTOBYIOTH MIPH 3HIMAHHSX (DacajiiB CIOPY/I.

TouHICTh Ta J1ala30H BUMIPIOBaHb J03BOJISIE€ iX BUKOPUCTAHHS HA BIAKPUTHX
JUISIHKAX 13 3HAYHUMM mpoctopaMu. CKaHepH TaKoX J00pe MAXOAATh I poOiT 13
CKaHyBaHHS BEJIMKUX MPOMHCIOBUX 00 €KTIB, JiHIMHUX cropyn. [lpuxmanu takmx

CKaHepiB HaBeleHo Ha puc.1.1.2.

Puc. 1.1.2. I'eone3nuni HJIC: Trimble TX8 1 Leica P40
o HJIC apyroi rpynu BigHOCSTBCS OinbImicTh npuiaaiB ¢pipmu FARO, Takox
Leica RTC360, BLK360 ta Trimble TX5. Ile 3Hau”o nermi Ta KOMIAKTHIIII

MpWIaaM, 3 Baror OUTS 5 Kr. 3HAYHO HIDKYMN J1alla30H BUMIPIOBAHb Ta TOYHICTH
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00MeXyrOTh cdepu 3acTocyBaHHS IIMX cKaHepiB. OcoOIMBICTh TEXHIYHUX 1
MeTpoJioriyHuX xapakrtepucTuk Takux HJIC xapakrepusyroTh HalIoMUIbHINI chepu
ix 3actocyBanHs. Lli mpuiagum HaWKpamyM YUHOM MIAXOAATH ISl poOIT 13
BU3HAYEHHS MMPOCTOPOBOTO MOJIOXKEHHS KOHCTPYKIIN BCEpPEeIUHI CIOPYHA, Ha TICHUX
TUISTHKaX Ta JUISTHKAaX 13 MIUIBHUM PO3TAIllyBaHHSIM TEXHOJIOTIYHOTO OOJIaHAHHS, €
BinpiricTh npeAcTaBHUKIB I1€T TPYH MOKYTh BUKOHYBAaTH BUMIPH B IIEPEBEPHYTOMY
NOJIOKEeHb a00 MpHU TOBUILHOMY HaXWJIi IPU BUKIIOUEHOMY KomreHcaTopi. [Ipukiazn

TaKUX CKaHEpiB HaBeseHO Ha puc.1.1.3.

irztvinitr @

£

Puc.1.1.3. Ilopratusnai HJIC: Faro S120, Leica RTC 360, Trimble X7, Leica BLK
360

OCTaHHBOIO TPYINOI € CKaHYH4Yl TaXEOMETPHYHI CHUCTEMH, SIK HaINpHUKIIAJ]
Trimble SX10. BoHu wMaroTh HHM3bKY WIBHUIKICTh CKaHYBaHHS, @pOTE L€
KOMITCHCYIOTh 3HAYHHUM JIialla30HOM BUMIPIOBaHb Ta BUCOKOK TOUHICTIO. J{o TOrO, 11€
enuni HJIC, siki MOXKyTh BUKOHATH HaBEIEHHS MO SIKOMYCh KOHKPETHOMY HANPSAMKY 1
TOYHICTIO CBO€ET KyToMipHOIO cucTeMu. Bei inmi HJIC nuire 3amar0Th HapsIMKHU 110
TOPU30HTAJIBLHOMY 1 BEPTHKAJIbHOMY Kpyrax il 4Yac CKaHyBaHHs. BhHacmimok
3a3HayeHux ocobimBocTeil, HJIC came wi€i rpynu MoKHa BUKOPHUCTOBYBATU IS
MPOBENICHHSI pO3MidyBaHHS a00 crocTepexkeHb 3a jaedopmarismu. [Ipukman takoi

CKaHyI4Ol CUCTeMH HaBeAeHOo Ha puc.l.1.4.
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Puc.1.1.4. Ckanyioua Taxeomerpuuna cucrema Trimble X7

['onoBHMMHU MapameTpaMu CKaHepa, SIKI 3aJal0ThCsl M 4Yac CKaHyBaHHS €
HIUTBHICT, XMapu TOYOK Ta ii ToYHICTh. [li mapameTpu YacTto € OCHOBHUMH
napameTpaMu 10 MailOyTHBOT XMapu TOYOK Y TEXHIYHOMY 3aBJaHHI HA CKaHYBaHH.
B Bucokorounux ta nopraruBHUX HJIC miiibHICT NPUIHATO 3a/1aBaT CEPEIHBOIO
BIJICTAHHIO M1 CyCIIHIMU TOYKaMU XMapH TOYOK Ha BiacTaHi 10 M. TouHicTh XMapu
TOYOK y HaJlallITYBaHHSIX CKaHepa JOCTaTHbO YMOBHA BEJIMYHMHA Ta HE XapaKTEPHU3Y€E
3arajbHy TOYHICTH MOOYJOBM XMapu TOYOK. BoHa MIBUAILE BKa3ye Ha «IIym» Y
MalOyTHIX BUMIpPIOBaHHSX. BuOupaioum TOYHICTH TOOYJOBHM XMapu TOUYOK
KOPHUCTYBa4 3a/1a€ KUIbKICTh BUMIPIOBaHb KOKHOT TOUKH Y XMapi TOUOK.

Jonatkosi moxximmBocti HIIC:

1. CkanyBanHs y Konbopi. I[IpM BHKOHAHHI CKaHyBaHHA BUKIIOYHO
BIJITAJIEMIPOM CKaHepa BCl CKaHW OyIyTh YOPHO-OUIMMHM, 3aJI€KHO BiJl CTYIEHS
BIIOMTTS Jazepy mnoBepxHero. bunpmicte HJIC Mae MOXIMBICT BUKOHAHHS
CKaHyBaHHs y KoJibopi. B 11bOMy BUMa/IKy CKaHEp CIIOYaTKy BUKOHA€ BUMIPIOBAHHS
BiJITAJIEMIPOM, TIOTIM BUKOHYE JPYTUi MPUHAOM BUMIPIOBaHb (KOJIO BUMIPIOBAHb)
BUKOHYIOUM (pororpadyBaHHs BCi€l 00JacTi CKaHyBaHHS LU(PPOBUM (OTOAapaToOM.
ABTOMaTUYHO Oyji€ BHKOHAHA AampOKCHUMAIlS IHX 300pakKeHb HA XMapy TOYOK,
KOXKHIM Toulll Oyae mpucBoeHo koutip 3a kiacudikamiero RGB. Ognak koianopoBe
CKaHyBaHHs 3aiiMae O1JIbllIe Yacy, a CKaHU MalOTh 3HAYHO OLIBIINI pO3MIp.

2. BwusznaueHHss koopawHAT Miclig ckanyBaHHs. bimemiicte HJIC wmaroTh
BOynoBanuit GNSS-mpuiiMay Ta MOXYTh 3amam’sITOBYBaTH KOOPAMHATH TOYKHU

cKkaHyBaHHs. TOYHICT LMX KOOpAMHAT HU3bKA. Bxmouenuit GNSS-npuitmau
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3a3BUYal CIPOIILYE 3IIUBAHHS CKaHIB MK COOOI0 B aBTOMAaTUYHOMY pexxkumi. Te came
CTOCYEThCS aIbTUMETPA Ta KOMIIACY.

3. BusHaueHHsS Haxwiy ckaHepa. BOynoBaHWil KOMIIEHCATOp JO3BOJISIE
BpPaxOBYBAaTH HAXWJI CKaHepa IIiJl Yac CKaHyBaHHA, 110 3HAYHO MOJErIIye MpoIec
CKaHyBaHHs (BCTaHOBJICHHS CKaHepa) Ta 3iuBaHHs. [[iana3oH 3a3Buuait 5°.

4. CkaHyBaHHA JBOMa Kpyramu. TexHO’Oris 3amponoHoBaHa (ipmoro Leica.
Kopucha npu ckanyBaHHI B MICUAX 3 IHTEHCUBHUM pyxoM. CkaHep poOUTH [1Ba
CKaHU OJIH 32 OJJHUM Ta HaKJaJa€ ix, MPpUOUparodn pyxomi 00’ €KTH.

5. ABTOoMaTH4HE 3LIMBAaHHA Tij] 4ac cKaHyBaHHsS. Tex TexHoJsoris Bin Leica.
HJIC mae nexisibka BOYJOBaHUX KaMep, sIKI MPAIIOIOTh MijJ Yyac HOro MepeMilleHHs.
Ha ocHOBI IuX 1TaHUX CKaHEp B peajlbHOMY 4acl BUKOHYe 3muBaHHs ckaHiB. Ha IIK B
IOMY BHIIaJIKy CKUIAIOTh HE HaOIp CKaHIB, 0 TAKOX JIMIIAETHCS MOMXKIMBHUM, a BXKE
MOBHICTIO 3IIUTUI POEKT.

6. 3anuc JaHuWX BUMIPIOBaHb. 3aJIeKHO BiJ MOJENl CKaHepa 3amuc JIaHuX
BUMIPIOBaHb BUKOHYEThCS y BHYTpinTtHio am’ itk HJIIC, Ha ¢uem-nakonuuyBay ado
CD-kapty. KoxxHuil 13 [ux BapiaHTIiB Mae€ sIK IEPEBaru, TaKk 1 HEJTOMIKU.

Bukonaemo aHamiz JaHOl TEXHOJOTII, BHJIUIMBIIM 3arajbHI HaIMPSIMKH
3aCTOCYBaHHs, IEpEeBaAry 1 HeoMiKU. Pe3ynpTaTu aHani3zy nojaHi HUxKYE.

HanpsiMku 3araiibHOTO BUKOPUCTAHHS:

1. Orpumanns neranbHux 3D-Moxenelt OyaiBeNbHUX Ta TIPOMHUCIOBUX

00’ €KTIB;

2. BukonanHs apXiTeKTypHUX oOMIpiB, moOyaoBa miaHiB Ta 3D-mopeneit

dacais;

3. MOHITOPUHT T'e0JIOTTYHUX BUPOOOK Ta THIIMX 00’ €KTIB, BU3HAUEHHS 00’ €MIB

TPYHTIB;

IlepeBaru:

1. OtpuMaHnHs BeMKOro 00’emy iH(opmarlii mpo 00’ €KT BUMIPIOBaHb.

2. BigHOCHO BHCOKA MPOAYKTUBHICTh Y MOPIBHSAHHI 3 KJIACHYHUMHU HA3€MHUMU

re0/IC3UYHUMH 3HIMAHHSMU TIPU BUMIPIOBAHHI OyJIBEJIbHUX Ta MPOMUCIOBUX

00’extiB (10 4000 M? npu 3HiManHi dacazis).
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3. MoxuBICTh 30€peXeHHs MOBHOI 1H(QOpMaIlii mpo 00’€KT BUMIPIOBaHb Ha
MOMEHT iX MPOBEICHHS.

Henomiku:
1. CxnaaHIiCTh y BU3HA4Y€HHI1 pesibey Mpu poOOTI Ha 00’€KTax 13 HIUIHHOIO
POCIMHHICTIO;
2. CknaiHICTh Y 3aCTOCYBaHHI METOy Mpu poOOTi Ha Ay»Ke BEIUKUX 00’ €KTax
(6impme 500 ckaniB, HEOOXIIHICTH 3acTocyBaHHS abo motykHux IIITK ab6o

KOMOIHYBaHHS METOJTy 13 1HIIMMU T€0AC3UIHUMU METOIaMH ).

1.2. BuMoru 10 TOYHOCTiI BUMipIOBaHb Ta MOOYA0BU MOJIeJIi CIOPYIH

Ha croroaHimHiil JeHb HA3€MHE JIa3€pHE CKaHYBaHHS - 1I€ HOBA TEXHOJIOT1, 1
B YKpaiHi BIJICYTHI HOPMAaTHBHI JOKYMEHTH, sIKI O HOpMYyBajlu TEXHOJOTIIO Ta
TOYHICTh BHKOHAHHS POOIT UM MeTojioM. OJIHO3HAYHO HE BUCTAYa€ BUMOT I0JI0
ctep 3acrocyBannsi HJIC pi3HOi TOUHOCTI, sIK 11€ 0yJI0 3po0ieHo, Hanpukia, B JIbH
B.1.3.-2-2010 «Cucrema 3abe3neyeHHs] TOYHOCTI TE€OMETPUYHUX TMapaMeTpiB Yy
OyniBHULTBI. ['eone3nyni podoru y OyiBHUIITBI 3MiHA 1.

Bianmosinno g0 3V «IIpo Tonorpado-reone3nuny i kaprorpadiuHy TisIbHICTH
BUKOHAHHS TONOIpado-reoe3ndHNX 1 KapTorpadiyHux poOiT MOXKe 311MCHIOBATUCS
3a TaKMMM HampsiMaMU: a) OCHOBHI T€0JIe3M4Hl pPoOO0TH; 0) 3arajibHOIEpHKaBHI
tonorpadiyHi 3HIMaHHSA;, B) IHXKEHEPHI BHIIYKYBaHHS JUisi OyJIBHHUIITBA Ta
BeMKoMaciuTaOHi Tonorpadiuni 3HiMaHHs. 3rigHo 3 JIBH A.2.1-1-2014 nyskTty 4.4:

[mkeHepHI BUIYKYyBaHHA Ui OyMIBHHUIITBA BKIIOYAIOTh Taki BUAH
BUIITYKYBaHb:

- IH)KEHEPHO-T€0Ae3NYHI;

- IHKEHEPHO-TEOJIOT14H;

- TEOTEXHIYHI Ta I1HXEHEPHO-TiAporeojoriydi (y Cckiaaal KOMIUIEKCHUX

1H)KEHEPHO-TE€OJIOTTYHUX BUIITYKYBaHb a00 OKPEMO);

- IHKEHEPHO-T1IPOMETEOPOJIOT14UHI;

- BUIIYKYBaHHS i1 pallOHAIBHOTO BUKOPUCTAHHS  HABKOJUIIHHOTO

CepeIOBUIIA;
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- crernianizoBaHi (yMOBHO BUIIIYKYBaJIbH1).

Bukonanas oOMipiB croOpya MOKHA BIHECTH JI0 TaKOTO BUJY T'€0JIC3UUHUX

BHUMIPIOBAHb SIK 1H)KEHEPHO-T€0I€3UUHI BULITYKYBaHHS.

3rinno JBH A.2.1-1-2014 nynktry 5.3.17.2 p0 ckiamy 1HXEHEPHO-

re0/IC3UYHUX BUIIIYKYBaHb JJIsl PO3POOKH POOOYOrO MPOEKTY BXOISTH:

30ip Ta cucTeMaTu3allis apxiBHUX KapTorpadiuHux Marepialis,
MaTepiaiiB 3eMJICyCTPOIO, JaHUX IO JAEPKABHUX T'€OJIC3UUHUX MEPEkKaX;
CTBOpPEHHSI (OHOBJICHHSI) OMOPHOI T'€OJE3WYHOI MEpeki Ta 3MOMOUYHOI
MEpEexi;

CTBOPEHHSI 1HXKEHEpHO-TomorpadiuHux TIiaHiB B Maciradax 1:1
000...1:200;

CKJIaJaHHs 1HxkeHepHOoi udpoBoi moaeni micueBocti ([LIMM);
1HXEeHEepHO-TiaporpadiuHi poOoTH;

reoJie3n4He 3a0e3MeYeHHs 1HKEHEPHO-TEOJOTTYHUX BUIITYKYBaHb.

B JIBH A.2.1-1-2014 nponoHytoTh niepenik pooiT, ki HEOOX1THO BUKOHYBATH

M1J] 4aC BUIIYKYBaHb 1H)KEHEPHUX CIIOPY/I.

A came, myHKT 5.3.17.3 JIns1 po3poOKu MpoexTiB OyIBHUILITBA (PEKOHCTPYKITIT)

00’ekTiB Kiacy HacnijkiB (BianoBiganbHOCTl) CC3 Ta IV-V Kateropiéi ckiaaHOCTI

A0AaTKOBO BUKOHYIOTb:

BU3HAYCHHS KOOpPAMHAT KYTIB KamiTalbHUX OyniBenb (criopyn),
€JIEMEHTIB 3aJI3HUYHUX KOJIH, KOJOAS3IB (KaMmep), Omop 1HKEHEPHUX
KOMYHIKaIii;

JeTaNbHEe OOCTEXKEHHS Ta JCTaJbHA 3MOMKa 1H)XXKCHEPHHUX KOMYHIKaIlii
(cmopyn), ormop Ta KOJOs31B;

CTBOPEHHsI 1HXKeHepHO-TonorpadiyHuX Iuia”iB y macmradi 1:200 (Ha
BU3HAYEHHUX MPOCKTYBAIBHUKOM AUISHKAX );

3ilomka (acasiB OyaiBeb;

30BHIIIHI 00MipH Oy/1iBENb Ta TEXHOJOTIYHUX CHIOPY/I;

re0/Ie3UYHI CIIOCTEPEKEHHS 3a OCiAaHHSAM Ta JedopmarlisiMu OyiBeb

Ta CIOPY/I;
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- Teoje3uyHe 3a0€3MEeUCHHS 1HXXEHEPHO-TEOJIOTIYHUX Ta 1HXKEHEPHO-
T1POreoIOTIYHUX CIIOCTEPEKEHD Ta JOCHIKCHb.

BigmoBimno nmo momepeanroro JIBH Takoxx 3a3HadarOThCS  3HAUCHHS
JOMYCTUMHUX pO3ODKHOCTEH 3HaUeHb. A came, MyHKT 5.3.17.4 Po3XokeHHs JOBKUH
cTiH OyziBenb, OTpuUMaHi Tpu 0OMipax i OOYHCIICHI MO KOOpAWHATaX, HE TOBUHHI
nepesuntyBati 10 cM npu mosxkuHax ctid MeHme 100 m ta 1/1000 mpu qoBkuHAX
cTiH Ourpe Hixk 100 M.

3aranbHi BUMOTH MIOJI0 TOYHOCTI IUIAHOBUX OIOPHUX T'EOJC3UYHHX MEPEK
HaBeJeHl B Ta0auI 3.

Tabmums 3.
3aranpHl BUMOTH 1100 TOYHOCTI IJJAHOBUX ONOPHUX T'€0JE3UYHUX MEPEK, SAKI

CTBOPEHI METOJIaMU TOJIITOHOMETPIi, TPIaHTyJISIII1, TpUaTeparii

[Inanosa CKII [’ pannuna I'panuuna Bignocna CKII, He 6inbiue
OMopHa  |BUMIpKBaHb| noxubka noxubka S T— Croporn  [Bumiproanns
reo/ie3udHa | KYTIB, KYTOBUX MHIHHAX CTOpOHA B Mepeski CTOpiH B
Mepexa o()qugﬂcna 3 BnMiplf)Bzmb BHMip!f)BﬂHb TpHAHTyALT | Tpiasryasuii Mepexi
HEB'S130K, | (3 HEB 530K | (3 HEB'A30K B HaiiOiIbI | TpUAATEpALT
He OlnbIe | B XOjax, B XOJaX, cnabKoMy
CeKYHIM | MOMroOHax), | MOMroHax) el
C
4 knac 3 5Jn 1:25 000 1:200 000 1:70 000 1:100 000
1 po3psiz 5 10Vn 1:10 000 1:50 000 1:20 000 1:50 000
2 po3psan 10 20+/n 1:5 000 1:20 000 1:10 000 1:20 000

Sk 3a3HaUY€HO Ha TMOYATKY JAHOTO MYHKTY, HACMpaBll MalkKe HE ICHYE
nepesiky 3aKOHOJaBUYMX Ta HOPMATHBHHX JIOKYMEHTIB, SKUMHU KEpYIOTbCS NpHU
BUKOHAHHI 0OMipHUX po0iT 3a monomororw HJIC. €auna BuMora o0 TOYHOCTI — 118
JIbH A.2.1-1-2014 ITHDKHEPHI BUIIYKYBAHHA /U1 BY AIBHULITBA. A cawme,
nyHkT 5.3.10.5 Meroaom Jia3epHOrO0 CKaHyBaHHS BHUKOHYETHCS 3HOMKA €JIEMEHTIB
OyniBenbp Ta crnopyn — ¢acaiiB, BHYTPIIIHIX NPHUMIIIEHb, ABTOLLISAXIB TOLIO.
['pannuHa moxuOKka BHM3HAYEHHS KOOPJIMHAT Ta BUCOT TOYOK HE IOBHUHHA
nepeBuuryBaTi 6 MM Ha Bijictanb B 50 M. Kpok ckanyBaHHS (BiICTaHb M1 TOYKaMH)
HE NOBUHEH NepeBuIlyBaTd 50 MM.

Hlono ¢pororpammerpudHoi 3iiomku B ibomy JIBH HactymnHe:
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ITynkr 5.3.10.7 AepodoTtoronorpadiuny Ta QoTOrpaMMETPUUHY 3HOMKY
HEOOX1THO BUKOHYBATH 3TJHO BUMOT Tally3€BUX HOPM.

TouHocTi TOOYIOBU MOJIEINi CHOPYIM KOPETIOETHCS 3 TaKUM MOHATTS sik LOD
(Level of Detail — piBenb aeTanizaiiii), BOHO OIKCY€ CKIAAHICTh IpeacTaBieHHs 3D-
MO/, JUTATHCS Ha 5 0a30BUX PiBHIB, BKIIIOYAE:

- reometpuuny(LOG, Level of Geometry);

- mertaindpopmaiito (LOI, Level of Information).

3BHYAITHO HEMOXJIMBO IMOOYIyBaTH MOJETh, TOYHINIY 3a «XMapy TOYOK».
3a3Buuail MOJIeJIb Ma€ TOYHICTh SIK MIHIMYM BJIBidl HUX4y. Martepiaa KOHCTPYKIIIi
Oe3rmocepeIHbO BIUTUBAE HA TOUHICTH MOOYI0BU Horo reoMetpii. Tak nerisiHa Kiaaka
MO€ MaTH HE TUIOUIMHHICTh NOPSAAKY 2-10 cM, 1110 YHEMOKJIUBIIIOE BCTAHOBJICHHS 11
TOYHOI TeoMmeTpii. B Takux Bumajgkax, peKOMEHJOBaHO OyIyBaTH TE€OMETPUYHI
pO3MIpU CTIHM MO ii HalmupmoMy po3Mipy. Moaem nodOyzosani i3 LOD 500
0e3yMOBHO BMMAararoTh OLIBLIOI TOYHOCTI y MOOYAOBI iX TeoMeTpii 3a Mojel

mbHIcTIO LOD 100.

1.3. XapakrepucTuka 00’€KTy BUMIPIOBaHb
O06’exkToM pobOTH € KOMILIEKC «Jlaua 3 ME30HIHOM», 1[0 PO3TAILIOBAHUN Y M.
KueBi. OnHO- Ta ABOMOBEPXOBUH, MPAMOKYTHHUW y IJIaHI OYJMHOK MAa€ TIUIOCKI
JIEpeB'siHI TEPEKPUTTS Ta KPUTUN 3a1130M JBOCXWINNA BajdbMoBUUM nax. [lepmmii
noBepX OyIMHKY LETJISIHUM, IpYyTruid 1epeB'sHui, OOKIaIeHUI LETJIOL0.
Jlaua 3 ME30HIHOM - KOJMIIHINA nagyHuil OynuHOK. OgHA 3 KUIBKOX IaM'sTOK
JAYHOI apXITeKTypH, 110 30epernucs B CBATOMMHO. 32 BU3HAYEHHSM JOCIITHUKIB,

OyIIBJIS - 3pa30K MepBiCHOI JauHO1 3a0yA0BU B Kueni mouatky XX CTOMITTS
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Puc.1.3.1. 3aranbHuil BUTIISAI apXITEKTYPHOI CIIOPY U

Po3mip nanoi cnopynu cranoBuTh 15x21 meTpiB (puc. ), BIAMIOBITHO TOYHOCTI
CKaHepa BHCTa4ya€e HABIThH 0€3 CTBOPEHHS OMOPHOT MEPEXKi, SKIIO HEMA€E BiAMOBITHOI
BuMord. CTIHM TIEPIIOro TOBEpXY 3poO0JeHI 3 LErId, a APYroro — JepeB’sHl, aje
obxmaneni ternoro. Cropyaa Mae 6araTo BIKOH 110 TEpUMETPY, OUIBIIICTH
3HAXOJIUThCSA 31 CTOPOHM BXOAy. BikHa 3 apKOBUMH TIlepeMHYKaMH Ha
OJIHOTIOBEPXOBHX KpHjaX oOpamiIeHI apXiBOJIbTaMH, 3aMKOBHUM KaMeHEM 1 O1YHUMH
NUIACTpaMH, TOOTO MalOTh CKJIAAHY apXITEKTypHY KOHCTpYyKIitoo. I[lenTpansHa
YaCcTUHA CUMETPUYHOTO (pacaay MiJKpeciieHa JBONOBEPXOBUM 00'éMOM 3 apKOBUMH
BikHaMu 1 aBepuma. [lepen mapagHuM BXoAoM oOJagHAHO Tepacy Ha I[OKOMI 3

nepeB'sHuMHU oropokaMu. O0’ekT Mae OaIKOH 1 TpU apKOB1 BIKOHHI TPOPI3H.
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Puc.1.3.2. Ilnan ciopynu

O0’€eKT BUMIPIOBaHb XapaKTEPU3YETHCS HACTYITHUMHU OCOOIMBOCTSIMHU:
1. Hwu3zbka noBepXoBIiCTh CIOPYIH.
Bci enementu cropyau 3HaXoIAThbCS HE Ha BEIHUKIM BIICTaHI Bij
CKaHepa 1 BIJICYyTHI TOCTP1 KyTH HaBEJACHHS Ha MoBepxHI0. OTKe, CKaHEep Mae rapHy
BUJIMMICTh BCIX €JIEMEHTIB, HEMa€ HEOOXITHOCTI 301IbIIYBAaTH KUTBKICTh CTaHIIIN 1
pO3TaIIoBYBaTH CKaHEP Ha ITiIBUIIICHHI.
2. Hesenuka mionia 0yaiBmi.
Hewmae HeoOximHOCTI OyayBaTH ONMOPHY TeoJe3udHy Mepexy. Hepenuka
KUIBKICTh CTaHIIA. BiNmoBigHO HE3HAYHA KUIBKICTh CKaHIB MPUIIBUIIIYE 0O0pOOKY
pe3yJsbTatiB Ta He 3aTpedye notysxkHoro [ITIK. [Tpu3zBoauts 10 ekoHOMIT Yacy
3. PiBHMHHICTb penbedy
3a0e3neyeHa BUAUMICTb, MOXKJIMBICTh MOCTaBUTH MPHIAJ B JOBLIBHUX
MicIsiX. BicyTHICTh pI3KMX IepernajiB Mo BUCOTI 3abe3reuye SKICTh BUKOHAHHS

0OMIpHHUX POOIT.
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4. I1ibHA POCIUHHICTD

[Toripmena BUAUMICTh 3a PaxXyHOK IIIJIbHOI POCIWHHOCTI, HEOOXIJIHICTh
MiIONpPaTH TIOJIOKEHHS JNESKUX CTaHIM, HEOOXITHICTh CTAaBUTH OUIBITY KUTHKICTH
CTaHI[ii. 301IbIICHHS Yacy Ha BUKOHAHHS BUMIPIOBaHb Ta Ha 00pOOKY pe3ysIbTaTiB.

5. ObmexeHICTh TepuTOopii

Teputopiss HaBKOJO 00’€KTy OOMEXKEHa MMapkKaHOM 1 IUM 3a0e3rnedeHa
BIJICYTHICTb MEPEIIKO Y BUTJISIL JIFO/IeH, aBTOMOOLIIB TOIIO. AJIKE PyXoMi 00’ €KTH
MOXXYTh 3aBaKaTH SK B TMpOIEC] CKAaHYBaHHsS, TaK 1 BIUIMBAaTH Ha SKICTh 1

MPaBUJIBHICTH OTPUMAHUX PE3YJIbTATIB.

1.4. XapakTrepucTuka MojaeJsen

Sx Bxke Oyino migkpecieHo, B 3arainbHomy, Building Information Modeling
(BIM) — e B mepury yepry iH@opMauiiHa MOJAENb CHOPYAH, TOOTO TPUBUMIpPHA
BIpTyaJlbHa MOJenb OyaiBil B LHU(PPOBOMY BHUIJISAl, SKa Hece B €001 NOBHY
1H(dopmarrito npo 06’ exT, BKIFOYHO 1 11 3D Moenb.

3D mopens — 1e 300paykeHHS 00’€KTy y BUIJISAI OAHIET a00 CYKYIHOCTI,
3B’sI3aHUX MK CO0OI0, TPhOXBUMIPHUX TeOMeTpUuHUX Giryp. 3a3BU4aii 1€ BITHOCHO
npocti reomeTpuyHi ¢irypu. 3D monens mMoxe OyTd moOypoBaHa [jisi JOBUIBHOTO
00’€KTY CKaHyBaHHS.

OcHoBHi BigMiHHOCTI Mk 3D-Mozaemmo Tam BIM-monento moasraroTh y
chepi 3acTOCYyBaHHSI, MPU3HAYEHHI Ta PIBHI JAeTati3allii.

Kito4oBi BiAMIHHOCTI OaH1 y TaOuIi :

Tabmuus 4.

OcHoBHI BiaMiHHOCTI MK 3D- Ta BIM-Mozemntro

Hanpsamok: 3D-Mmozenn BIM-monens

Cdepa 3acTocyBanHs | 30cepeKy€eThCA HacaMIiepel Ha | 30Cepe/Ky€EThCsl Ha CTBOPEHHI

1 IpU3HAYEHHS Bi3yaJIbHOMY IIPEJICTaBJICHHI 1HTeNneKkTyanbHoi 3D-mMozeni, sika
TPUBHUMIPHOTO 00’ €KTa 200 MICTHUTb HE JIUILIE T€OMETPUYHY
cepenoBuia. Yacro iH(dopMarito, a it 1aHi Ipo
BUKOPHUCTOBYETHCS IS KOMIIOHEHTH Ta CUCTEMHU BCEPEAMHI

Bi3yauri3allii, mpe3eHTailii Ta OyniBii abo iHGpacTpykTypu. BIM
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KOHLENTYaJbHOIO IU3alHY.

BUKOPUCTOBYETBCS JUIsl IPOEKTYBAHH,

OyIIBHUIITBA Ta EKCILTyaTallii.

PiBens neramizamii

Moske BapitoBaTuCs Bif
MIPOCTUX,HU3bKOICTATI30BAHIX
MOJEIENA 10
BHUCOKOJETaII30BaHUX,

peaiCTUYHUX 300pakeHb.

Bumarae 6i7b111 BUCOKOTO pPiBHS
JeTalizaii, BKIIYadd iH(hOopMaIlito
PO KOMITOHEHTHU Oy IiBJIi (HAIIPUKJIIA],
CTiHH, ABEpi, BIKHA), iXHI BJACTUBOCTI
(HanpuKIaa, MaTepiaad, po3MipH) i Te,
SIK BOHU B3a€MOJIIOTH 3 IHIIIUMU

eJIEMEHTaMU MOJEII.

[adopmariiine ITepeBaxxHo  30cepemxeHa Ha | Bkirodae He JiMIle T€OMETPUYHY
HAIlIOBHEHHS Bi3yaJIbHOMY TIpE/ICTaBJICHH] 1 He | iHopMmallito, ane i AaHi, TOB’s3aHi 3
MICTUTh AOJATKOBY iH(oOpMallito, | BApTICTIO, IUIAHYBAHHSAM, CTIHKICTIO
OKpIM TeoMeTpii. tomo. Ls inpopmartis
BUKOPUCTOBYETHCS JUISI aHAITI3Y,
MO/ICITIOBAHHS Ta IPUHHATTA PillICHb
HPOTSTOM YChOT'O KUTTEBOTO LIUKITY
IPOEKTY
IareponepabenpHicTs | YacTo oOMexkeHa y cBOilt Haronomye Ha iHTeponiepabenbHOCTI 3
3/1aTHOCT1 OOMIHIOBAaTHUCS MIATPUMKOIO TaKUX CTaHJAPTIB, K
iHpoOpMalli€r0 MK IHIIUM Industry Foundation Classes (IFC) i
nporpamMHuM 3abe3neueHHsaM abo | Construction Operations Building
CHUCTEMaMH. Information Exchange (COBie), mo
JI03BOJIsIE OOMIHIOBATHCS 1H(POPMAIIIEI0
MDX PI3HUMH ITPOrPaMHUMHU
JoJaTKaMu
IlepcnexTnBa 3a3BU4ail BUKOPUCTOBYETHCS M | BpaxoBy€e NepCleKTUBY KUTTEBOTO

KUTTEBOTO NUKITY

Bi3yaumi3amii Ta TpPOEKTYBaHHS, 3

MCHIIMM  aKIICHTOM Ha  BECh

KUTTEBHM LUK OyxmiBmi  abo

1H(pacTpyKTypH.

UKy, OEpydH 10 YBaru eTanu
MIPOEKTYBaHHS, OyIIBHUIITBA Ta
eKcIutyararii npoekty. BIM-moneni
MO’KHA BUKOPHCTOBYBATH TSI
yHpaBiiHHA 00’ €KTaMH,

00CITyroByBaHHS Ta PEKOHCTPYKIIi.
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Bapto 3a3naumnTu, 1o Bci nporpamui komruiekcu (I1K), sxi ctBoproroTs BIM
MOJIeJb, J03BOJISIIOTh BUKOHYBaTh MoOyaoBy 3D-moneni. OnHak HE BCl MpOrpaMHi
3acobu, ki OynyioTs 3D-moaenb, MOXYTh OyTH BUKOpHCTaHI 1js nmodyaosu BIM-
mozeni. bineme toro, BIM-moneni, moOyaoBaHi B Pi3HMX IPOrpaMHHUX 3aco0ax
4acTO HE MOXYTh OyTH BHMKOPHCTaHI B IHIIOMY MporpaMHOMYy 3abe3mneueHHi. B
HepIry Yepry, 1e npodieMa NpUMHUKaHb KOHCTPYKIIIA OJIHA 0 OJTHOI.

Takum uymHoM, xo4a 1 3D-moneni, 1 BIM-moneni nependadaroTh CTBOPEHHS
TPUBUMIPHUX 300paxkeHb 00’ €kTiB a0o mpocTopiB, BIM BuxoauTh 3a paMKu pOCTOi
Bi3yamzaiii 1 BKJIIO4Yae B cebe aoAaTKoBY I1HQOpMaAII0 Ta aHaNITUKY, SIKI
HIATPUMYIOTh BECh KUTTEBUHN ITUKI OY/I1BII1 00 1HPPACTPYKTYPHOTO MIPOEKTY.

VY 1poMy BUNAAKy TaKOXK BAKJIMBO YTOUHUTH KoHIeniio LOD.

Panime wme Oyno Maiibke €KBIBAJIGHTHO TepMiHy '"Macmtad", saxuit
BUKOPHCTOBYBABCS MJIi OLIHKH OOCATYy Ta BapTOCTI pPOOIT, HEOOXITHUX s
cTBOpeHHs KpecneHHs. [IpoekTtyBaHHa 1 mojgaBaHHda B macmradi 1:20 ta 1:200,
CWJIBHO BIJPI3HAETHCA HE TUIBKHM Yepe3 yac, HeOOXITHUM JIJIsi KPECJICHHS, ajie 1 uepe3
T€, 110 BU TNIMOOKO PO30UpaETECs B IETAISIX MPOCKTY.

Te came crocyerbecs LOD, ame pisHurs He B MacmrTali (OCKUIBKHA BCE
MOJIeTI0€eThes B MaciuTadi 1:1), a B "iHdopmaTuBHOCTI" MOJieni.

Akimo MU TOBOPUMO NP0 MPaKTUYHY MAIMCHICTh, pIBEHBb  JeTaii3auli
BU3HAYAETHCS 3aMOBHUKOM. B IiJloMy, TOYHICT, MOJEII 3alie)KUTh BiJ BHUMOT
3aMOBHHKA, METH TOOY0BH MOJIEN, TOYHOCTI CKAHYyBaHHs, MaTepiaity MOAEIbOBAHOI
KOHCTPYKIIii, piBHS Aertamizamii 1 T.4. Hanpuknan, njs monepeaHboro mpoeKTyBaHHS
3a3BHYAM JOCHTH OIpaIoBaTH KOHIEMIi 3a gonmomororo LODI100-200, Ha erami
npoekTy nependadenuii piseHb LOD300, a Ha poboyomy kpecienHi - LOD400. Aune
4acTo ICHYIOTb 1 1HII1 0COOIMBI BUMOTH.

B uinomy, piBeHb AeTanizalli € BaXKJIMBUM KOMIOHEeHTOM BIM-MozentoBaHHS.
Ile cnibHa MOBa MK 3aMOBHHMKAMH 1 MIAPSJIHUKAMH, 3aBISKH M J1OCATAETHCS

BUCOKIN IKOCTI MOJETI.
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Konneniis LOD crocyeTbes He Beiei 1HpopMaIiiiiHOi MOAENi, a OKPEMHUX
enemeHTiB. Hampukinan, caHTexHika Moke OyTH BHUKOHaHa Ha HHU3BKOMY piBHI
OTIpAIlIOBaHHS , @ TEXHIUHE 00IaJHAHHSI MOXKe OyTH BUKOHAHO Ha BUCOKOMY PIBHI..
PiBHI neTamizaii:
- LOD 100 - ecki3u i HaYepKH, MOKE CTATH B HAro/i apXiTeKTopaMm Ha paHHIX
CTalliax poOoTH;

- LOD 200 - cramis Il 6e3 mpuB'sS3kM OO0 KOHKPETHOTO BHUPOOHUKA,
MOJIO’KEHHS 1 PO3MIPH TOYHI JIJIsl OCHOBHUX KOHCTPYKITIH;

- LOD 300 - cranis I1 6e3 npuB'si3ku 10 KOHKPETHOTO BUPOOHUKA 3 TOUHUMHU
MOJIOKEHHSIMU €JIEMEHTIB;

- LOD 400 - cramiss P, KOHKpeTHI BUPOOHUKHA EJIEMEHTIB, JETaJIOBAJIbHI
BY3JIM, TOUYHI MTOJIOKEHHS 1 TabapuTH;

- LOD 500 - akryanizoBaHa MOJEIb 32 BUKOHABYOIO JIOKYMEHTALI€0 Ta/abo
XMapaM# TOYOK 3 YTOUYHEHHSM ITOJI0KEHb 30PSHUX KOHCTPYKITIHA 1 MEpEex.

Hwxue (Tabn.5) HaBeaeHO TNpHKIA] pIBHIB JeTajizailii Ha MPHUKIaI
byHIaAMEHTY CTaKaHHOTO THITY Ta BUMOTH JI0 KOHCTPYKTHBHHUX €JIEMEHTIB Ha Pi3HUX
eTarnax MmpoeKTyBaHHs (Tabi.5).

Tabmuis 5.

Onuc 6a30BUX piBHIB AeTami3alii exementiB BIM-moneni
[ IlprEnazn :xm:e:xeﬁ_ra '

LoD Ommc OcHOEHE 3aCTOCYVEAHHA :
- EIIEMEHTIE MOJET

EmenenT Momeni Mo&e OYTH
OpeacTaEIeHRH ¥ BHIIAAL

00 eMHNX GOpPMOYTEOPIOKTHX
LoD STEMEHTIE 5 MPHOTHIHIMHE
100 posiparu, hopMoro,
NpOCTOPOEHM MOMOESHHAM 1 Ha ctamii ]TEEJE,IHPCEKTHCT
opienTaniete abo v surmaa 2D- miaroToEEH GYIIEHMUTEA 11%
CHMEQITY po3poCEH OOIPVHTYEAHD

{HEEC THIIR

EmenenT Mofemi mpeacTaETeHul v
EHITIAZL 00 ekTa 300 sOIpEH 3 L
LoD ImoNepeTEIME POIMipas, GopMoto,
200 OpOCTOPOEHM TIOMOEEHHAM,
OpIEHTAINE 1 HeoOXITHOK
aTpHOYTHEHCHC iHbOopMalien




EnexenT Mo7geni npeacTaEIeHHit ¥
BHI1A3i 00 eKTa a0o 30ipKH, mo
HAIeHTE KOHKPETHIH CHCTeMI

Ha cTazii mpoekTHOL
TATOTOBEH OYIiEHHITEA

LOD OVAIEML, 3 TOUHHMH POIMIpaMH, 74 MiATOTOBKH IIPOEKTHO] 1
300 topnoI0, IPOCTOPOBHEM poOouo] JOKVMEETaNi!; 114
TOTOAEEHAM, OpieHTaniero, TIOIIVEY MiKIHCIMILTI-
3B ASKaMH | HeoOX{IHO1 HapHUX KOMI3iH
aTpHOVTHEHOO iRbOpMaLie0
EnemenT Mogeni mpeacTasIeHmit ¥
BHIVIAZI KOHKPETHOL 30IpKH 3
TOMEEMH POSMIPaMH, BETIOUAI0NH
POSMIDH &TeMEeHTIE BYSTOBHX Ha 3 =
7 CTazii MpoeKTHOL
seHaHb, HOPMOI0, MPOCTOPOBMM 2 A
: 2 TMATOTOBKH Oy IiEHUITEA-
DOTOXEEHDM, OpieHTanieo, RS
LOD ¢ = 7% pospoOKH podouoi
EYSIOBMME 35 AsKaMu (GoaT, 3
400 S ¥ J . JOKVMeHTalii; Ba cTagii
SAKIENEY, SBApHi MIBH, GacoHH! R ~
54 : OyAIEHHNTEA I pO3POOKH
€TeMEHTH, BHITYCKH apMaTypH, G ot
: 2 X TIPOEKTY BUKOHAEEA POOiT
SAKTaTHI JeTaTi TOMO). JaHME 110 -
BHTOTOEIEHHIO Ta MOHTAXY. 2
TaKO K {HIIOIO HEOOXITHOIO
aTpHOYTHEHOO iHGOPMANIEO. ‘ o
Ha crazii OyaiEEHUTEA 314
tbopnyEaEEA Mogem K
IToSyaosanon; Mogeds «JIK
TToSyaoBaron, AK NPABHIO,
EmemenT Mogeni npeACTaBIeHHi ¥ | CTEOPIOETBCA IITAXOM
BHIIAZ1 KOHKPETHOI 30IpKH 3 BHECEHHA KOPHIYEAHb B
LOD tarTHuHINME posMipamy, dopMoro, | iHbopManiiHY MOTETE HA
500 IPOCTOPOBHM TOTOKEHHAM, OCHOEi EHKOEAEY0L

OpIEHTALEIO i ATPHOY THBHOK
iHOpMAniet0, JOCTATHROK J14
nepegadi MOJET B eKCILTYaTallio

JOKVMeHTalii Ta/aco
PesyIBTATiE JasepHOTO
CKaHYBaHHA SAKIHUEHHX

Oy JIBERUTEOM KOECTPYKIM) 1

MOe BHKOPHCTOBYBaTHCE Ha
CTazil excILTVaTanii a1
BHpPINIEHHA PiSHUX 33aEJaHB

25
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PO3AL 2. TEOJE3UYHI POBOTHU IIPU TPOBEIEHHI
OBMIPIB ®ACAAIB CITIOPY L

2.1. BuzHayeHHs1 HeOOXiJIHOI TOYHOCTI BUKOHAHHS I'e0/Ie3MYHUX BUMipIOBaHb

Sk Oyno BkazaHo y MyHKTI 1.3, TOUHICTh BUKOHAHHS T'€0JIC3UYHUX BUMIPIB i
yac BHUMIpIOBaHb IaM’SITOK apxiTekTypu BusHadeHa B JIbH A.2.1-1-2014. Takum
YUHOM, TpaHUYHA TMOXMOKAa BHU3HAYEHHS KOOPAMHAT Ta BHUCOT TOYOK HE IMOBHUHHA
nepeBuIyBaT 6 MM Ha BifacTanb B 50 M. BukoHaemo aHami3 TOYHOCTI BUKOHAHHS
T'COJIC3UIHUX BUMIPIOBAHb.

OckiTbKM BUKOHATH BHMIPIOBAaHHS €JEMEHTIB CIIOPYAM 3 OJHIET CTaHIIi
HEMOXKJIUBO, 1i CKaHyBaHHS Oy/e¢ BHKOHYBATHCh 3 KIJbKOX CTaHINW. Bu3zHaueHHS
B3a€EMHOTO TIOJIOKEHHSI CTaHIIM CKaHyBaHHA Oyl BUKOHYBAaTHCh 4epe3 MoOyIO0BY
OTIOPHOI Te0IE3UNYHOI MEPEXkKi HABKOJIO CIIOPY/IH.

BukoHaeMo po3paxyHOK TOYHOCTI OINOPHOI T'€0JI€3MYHOT MEPEXi. 3a MPUHIUIIOM
MI3EpHOT0 BIUIMBY, CEpPE/IHA KBaJpaTUYHa MOXUOKA CTBOPEHHS OMOPHOI re01e3UNYHO1
Mepexi Mae OyTM y TpH pa3u HIDKYOK 3a CEPEIHI0 KBaJpaTUYHy MOXHOKY
BUKOHAHHS T€0JE3UYHUX POOIT.

Otxe,

€ Mp— CEpelHs KBaJpaTHUyHA MOXMOKAa CTBOPEHHS OIMOPHOI I'€OJE3MYHOI
Mepexi;

M.— CepeliHs KBaJpaTuyHa MOXUOKA BUKOHAHHS BUMIPIOBAHb.

SIkmo m, = 6 MM, BIANOBIZHO M, = 2 MM. lle o3Hayae, MO0 MOJNOXKEHHS

CTaHIIH OJTHA Bl OJHOI MAEMO BU3HAYATH 3 TOYHICTIO 2 MM.

2.2. CTBOpEeHHS IJIAHOBO-BHUCOTHOI OMOPHOI re0e3UYHOI Mepe:xKi st
3a0e3neYeHHs BUKOHAHHSA OOMIPHUX POOiT
2.2.1. BuzHaueHHs TOYHOCTI onopHoi mepexki HIIC
3anpoektyBaBm 1 oOpaxyBaBm B [13 Credo DAT 3.0 omopHy Mepexy

(puc.2.2.1.1) HaBKoOJIO cHOpPyAHM, Npu YyMOBI BukopuctanHs npunaxy 3 CKII
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BUMIpIOBaHb KyTiB — 15" Ta Bigcraneit — 2 mMm, CKII i1 TOUHOCTI CTaHOBUIIO OJIM3BKO
5 MM.
@\LPZ
'n ~

|
E
< \
1 ~— KOHTYp criopyam .. "
SO, =1 mapka i
ST ' 2 ; @ LP6
@ craHyis HIMC [, st 550
i

\
= =

@ LP8
S @ LP10 LP9
Puc.2.2.1.1. Cxema 3ampoexToBaHoi Mepexi 3a goromororo HJIC

CraHuii po3TaloByBaluCcs TAKUM YUHOM, 11100 3 KOXKHOT CYCIAHBOT OyJI0 BUJIHO

o Tpu onopHi 1. [lepenada koopauHat BiA0yBa€ETHCS 3a JOTIOMOTOK0 OTIOPHUX

1ige po3MillieHux Ha ¢acaai OyauHky. Hrkue mogaHo pe3ynbTaT OLIHKH TOYHOCTI

MOJIOKEHHS MyHKTIB (puc.2.2.1.2.).



BigomicTe OLUiHKM TOMHOCTI NONOYKEHHR NYHKTIB 3a
pesynbTaTtamu 3piBHIBaHHSA
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M min | [TyHeT | M max | [TyHT |u1 CpeaHA;
0.0020[0T2 | 0.0048]LP8 | 00038
MyHkT M M My a b o
1 2 3 4 5 6 [
LP10 0.0031 0.0020 0,0024 0.0027 0.0016| 55°59'40,7"
LP11 0.0034| 0,0028 0,0020 0.0029 0.0017| 154°22°00,1"
LP12 0.0032| 0,0028 0,0017 0.0029 0.0015| 15°5219,3"
LP13 0.0026| 10,0019 0.,0018 0.0023 0.0012| 43°522838"
LP2 0.0028| 10,0022 0,0018 0.0022 0.0017| 14°2757.2"
LP3 0.0042| 10,0038 0,0020 0.0038 0.0018| 165°59°31,0"
LP4 0.0047| 10,0043 0.0018 0.0043 0.0018| 178714146
LP5 0.0043| 0,0041 0.0013 0.0041 0.0013 2°49%59 3"
LP6 0.0043| 0,0040 0,0017 0.0040 0.0017 1°1916,3"
LP7 0.0041 0,0041 0,0000 0.0041 0.0000 0°00'00,0"
LP8 0.0048 0.0044 0,0021 0,0045 0,0017| 16°11°05,0"
LP9 0.0044| 0,0038 0,0022 0.0042 0.0013| 25°54'34 6"
o710 0.0044| 0,0042 0,0013 0.0042 0.0013 5°0955 7"
ot 0,0043 0.0041 0.0015 0,0041 0,0014 6°2858 9"
0T12 0.0043| 0.,0040 0,0017 0.0040 0.0017 570229 7"
OT13 0.0043| 0,0040 0,0018 0.0040 0.0018 3°3301 6"
0714 0.0044| 10,0039 0,0020 0.0040 0.0020 2°2639.1"
OT15 0.0043| 0.,0040 0,0017 0.0040 0.0017 1°0826.5"
0T16 0.0042 0.0040 0,0015 0.0040 0.0015| 179°30°03,6"
o117 0.0042| 0,001 0.0011 0.0041 0,0011| 178°37'29,1"
0718 0.0042| 0,0041 0.0010 0.0041 0.0010 1°5348 9"
0719 0.0042| 0,0041 0,0008 0.0041 0.0008 370412 8"
0712 0.0020( 0,0018 0,0009 0.0019 0.0007| 20°0145,0"
0720 0.0042| 0.,0040 00013 0.0040 0.0013 471026 9"
o721 0.0041 0.,0039 0,0013 0.0039 0.0012 572516,3"
0722 0.0040| 0,0038 0,0013 0.0038 0.0013 472418 0"
0723 0.0031 0,0027 00014 0.0025 0.0013 8 21439
0724 0.0024| 0,0020 00014 0.0021 0.0013| 18714153
0725 0.0023| 0.,0018 0.0014 0.0019 0.0013| 22°44373"
0T26 0.0023| 0.0018 0.0015 0.0019 0.0014| 21°56'04,9"
o127 0.0025| 0,0018 0,0017 0.0020 0.0015| 35°4659.9"
0728 0.0025| 10,0018 0,0017 0.0020 0.0014| 38°3211.9"
0729 0.0026| 0,0018 0,0019 0.0022 0.0015| 49°2935,1
OT3 0.0023| 0,001 0,000 0.0022 0.0006| 18°56'30,8"
OT30 0.0028| 0.,0018 0,0021 0.0026 0.0010| 49°5424 47
ot 0,0026 0,0017 0,0020 0,0025 0,0009| 51°28'49.8"
0732 0.0029 0,007 0,0023 0.0025 0.0007| 54739137
0733 0.0023| 0.,0018 0.,0017 0.0022 0.0007| 46719419
0T34 0,0021 0.0015 0.0015 0,0020 0,0007| 45°2626,2"
OT4 0.0027| 10,0025 0,000 0.0026 0.0007| 14731259
OT5 0.0032| 0,003 0.0010 0.0031 0.0008 11°1625,7"
OT6 0,0043 0.0042 0.0011 0,0042 0,0010 5"2825 9"
oT7 0.0044 0.0042 0.0011 0,0042 0,0010 51148 4
OTg 0.0045( 10,0043 0.,0012 0.0043 0,001 6°5201,8"

Puc.2.2.1.2. Pe3ynbraT po3paxyHKy Mepexi HaBKOJIO CIOPYAU
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Sk BUZIHO 13 pO3paxXyHKY Mepeki HaBKOJIO CIIOPYAM, TOUYHICTh BUSHAYEHHS

KOOpAHAT TOYOK O6’€KTy HHIK4Ya 34 AOIIYCTUMC 3HAUYCHHS 1 CTAaHOBUTH Maike SMM.

SIK BUCHOBOK, MO’KHA 3a3HAUYMTH, IO JIJI 3a0e31eUeHHsT HE00X1JHOT TOYHOCTI

BUMIPIOBaHb HEOOX1THO CTBOPUTH OTIOPHY T'€OAC3UUHY MEPEKY MPUIaI0OM O1IbIIT

BHUCOKOI TOYHOCTI.

2.2.2. 3araibHa cxema o0yA0BH reo/ie3H9HOI Mepexi

OTxXe, CTBOpPEHHSI IUJIAHOBO-BUCOTHOI OMOPHOI T€OJE€3UYHOT Mepexl IS

3a0e3neYeHHs] BUKOHAHHS 0OMipHUX poOiT 3a HACTYIHOIO cxemoro(puc.2.2.2.1.):

1. [ToOymoBa OMOPHOI re0Ae3NYHOT MEPEXK1 32 JOTIOMOTOI0 TaXeoMeTpa.

2. KoopauHyBaHHS ONOPHHMX LJIEW — MapoK 3 MYHKTIB OMOPHOI MEpEexl 3a

AJOIIOMOI'0X0 TaXCOMCTpaA.

3. Buznauenns koopaunar cranuiid HJIC Bix onopHUX TOYOK, 3aKpIIIEHUX Ha

P1

-

»_11’21'

e C

P7

CIIOPY/IL.
ﬁ_

\\
0 i i ﬁ-{iﬁ"'
- s
)
-..
MyHKT OCHOBM
- KOHTYP CTiOpyAH
MapKa -& P4
craHuja HIC

P6

Puc.2.2.2.1. 3aranpHa cxema BUKOHAHHS T€0JIE3UYHUX BUMIPIOBAHb
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2.2.3. CTBOpEeHHS OMOPHOI reo/Ie3MYHOI MepPe:sKi 3a J0MOMOI 010 TaXxeoMeTpa

Ak Oyno panilie 3a3HA4YE€HO, TOJIOKEHHsSI CTaHIINA OJIHA BiJ OJHOI MarOTh
BHU3HAYATHCS 3 TOYHICTIO 2 MM. TOMY 3alpOEKTOBAHO OIOPHY I'€OJIC3UYHY MEPEXKY Y
BUTJISIII T€0Ae3NIHOT0 ceMuKkyTHUKA. [T00ymoBa Mepexi BigOyBaiacs TaXeOMETPOM 3

TOYHICTIO BUMIPIOBaHHS BijicTaHed IMM + 1 ppm Ta KyTOBOIO TOUHICTIO 2.

Hwxue nHaBemeHo Ha puc.2.2.3.1. cxeMmy po3TallyBaHHSI ITYHKTIB OCHOBH,

KOHTYp CIIOPY/IH.

P1

X nysT 00N

KOHTYp Copyam

PG
Puc.2.2.3.1. Cxema po3ranryBaHHS TyHKTIB OCHOBU
Mepexa cknagaeTbesi 3 ceMu MyHKTIB. CTaHIlli po3TallloBaHi TaKUM YHHOM,
100 MPU KOOPUHYBAaHHI OTMIOPHUX IIUICH, IIEHTPU HE 3HAXOIUJINCH 1] BETUKIMHU
KyTaMd 10 npuiaay. HalOinbina cropoHa Mepexi AopiBHIoBaia 23,7 M,

HaiMeHnma — 13,6 M.
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OTxe, BUKOHAHO PO3pPaXyHOK TOYHOCTI Li€i 3ampoekToBaHoi mepexi B [13
CredoDAT 3.0.
3a pesynbpraramu o0paxyHKy (puc.2.2.3.2.) BcranoBieHo, mo CKII i TounocTi

CTaHOBHJIO MEHIIIC 2 MM, 10 TTIOBHICTIO 3a10BOJIbHAE€ BUMOI'H.

BigomicTb OUIHKM TOYHOCTI NOMOXEHHA NYHKTIB 3a
pesynsTaTtamin 3piBHIOBaHHSA

M min | MyHkT | M max | MyHET |u1 CpefHAs
0,0008|P7 0,0016|P4 0,0012
[MTyHeT M M My a b o
1 2 3 4 5 b 7
P2 0,0009 0,0005 0,0008 0,0008 0,0005( 113°08'45,7"
P3 0,0015 0,0012 0,0009 0,0014 0,0003( 143°32°00.1"
P4 0,0016 0,0015 0,0005 0,0016 0,0003( 164°13'34.5"
P& 0,0014 0,004 0,0000 0,0014 0,0000 0°00°00,0"
Fi 0,0012 0,0010 0,0007 0,001 0,0006( 24°5055.9"
P7 0,0008 0,0006 0,0005 0,0006 0,0005( 173°29'57.2"

Puc.2.2.3.2. OuiHka TOYHOCTI MOJOKEHHS ITYHKTIB MEPEXKI 3a pe3yJbTaTaMu

BUPIBHIOBAHHS

2.2.4. KoopauHyBaHHA ONIOPHUX Wijiel 3 MYHKTIB ONIOPHOI reoIe3iYHol

MepeKi

J1yist opieHTyBaHHS CKaHEpa Ha CTaHIlli, TOOTO Mepexoy B CUCTEMY KOOPIUHAT
OMOPHOI Ie0/IE3UNYHOI MEpEeXl BUPIMICHO 3aKPIMUTH MapKd Ha CTiHaX CIOPYIH, IO
BCbOMYy TniepumeTpy. Llim posramoBaHO PiBHOMIPHO, B Takid KUIBKOCTI, MO0 3
KOXXHOTO MICIICTIOJIOKEHHSI CKaHepa OyJi0 BUAHO IO TPU MApPKH TOIMEPEAHBOI Ta
HACTYIMHOI cTaHIii. TakuM YWHOM HAJJIMIIKOBICTh BUMIPIOBaHb ITABHUIILYE
HAJIWHICTh Ta TOYHICT, BU3HAUCHHS TMapaMeTpiB OpIEHTyBaHHsA mpwiaxy. Ha

puc.2.2.4.1. nogaHo cxeMy po3TallyBaHHS MapOK
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HaNJO0BIlIA CTOPOHA.
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=2 MapKa

Puc.2.2.4.1. Cxema po3rairyBaHHs MapOK

3a HACTYMHOIO (POopMYyII0I0:

2 2 mf? 2
mM:mS +F'S N

Orxe, my, =J12+

2

————-170002 = 1 MmM;
2062652
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==

=

TOYHICTIO BUMIPIOBaHHS BijicTaHel 1MM + 1 ppm Ta KyTOBOIO TOUHICTIO 2”.
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[lepenaya koopaAMHAT HAa MapKh 3 MYHKTIB OMOPHOI TE€OJE3UYHOI MEpexi

Bi0OyBasiacst nojsipHuM criocobom (puc.2.2.4.2.). JIns nporo oOpaHo TaxeoMeTp 3

Po3paxyHOK TOYHOCTI KOOpJMHYBAaHHS MapK{ MOJIIPHUM CITOCOOOM BUKOHAHO

ze mg — nue CKII BigknaaeHHS BiACTaHI; mf? — CKII mobynoBu kyta; S —
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P1

[X] nynxT ocHosu

KOHTYp Criopyau
= Mapka

P7

P6

Puc.2.2.4.2. CxeMa KOOpJIMHYBaHHS MAPOK 3 MyHKTIB OCHOBU

2.2.5. Buznauenns koopauHat cranii HJIC Bix omopHuX T040K

BianoBigHO, HACTYNMHUM €TAalOM € BU3HAYEHHSM MICIICTIOJIOKEHHS CTaHII1
CKaHepa 3a JOTIOMOTOI0 TONEePEAHBO 3aKOOPAMHOBAHUX MApOK B CUCTEMI KOOPJIUHAT
oropHoi Mepexi. Lle Takox BiOyBa€eThCs 3a MPUHIUIIOM TOJsipHOTO MeToay. OTxe,

MO>KHa po3paxyBaTH TOUYHICTh BU3HaueHHs Micls ctossuas HJIC 3a ¢popmyroro:
2
2 _ 2, "B 2
p
2

ne ms — ue CKII BigxiageHHS BIICTaHI; mf? — CKII mobymoBu kyTa; S-—

HaNJO0BIlIA CTOPOHA.

152

———— 120002 = 2,2 MM;
2062652

Takum unHOM, M;p = J 22 +
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2.2.6. 3HAX0/XKeHHSI 3arajibHOI MOXNOKM BUKOHAHHSA reo/Ie3MYHUX PodiT

3aKJIFOYHUM 1 BOKJIMBUM €TallOM € BU3HAUEHHS 3arajbHOI MOXUOKH, sIKa B cOO01
BKJIFOUA€ MOXUOKY BH3HAUEHHS KOOPAMHAT ITYHKTIB OCHOBHU, MOXUOKY BH3HAUYEHHS
KOOpAMHAT MApOK 3 MYHKTIB OMOPHOi MEpeX i Ta MOXMOKH BU3HAUYEHHS KOOPAMHAT

CTaHI[i! 3 ONOpHUX 1iJIel. Po3paxoByeTbes 3a GopMyIioro:

m3 = mi +mi; + mip,
Jle Mm% — e oXubKa BU3HAYEHHS KOOPJMHAT MyHKTIiB OCHOBH; M3, — MIOXUOKY
BU3HAYEHHS KOOPIMHAT MApOK; M7, — MOXHOKA BU3HAYEHHS KOOPIMHAT CTAHIIiM

HIIC.

TakuMm unHOM, My = \/1,62 +12+42,22 = 2,9 MM;
S BUCHOBOK, MOXHA 3a3HAYUTH, 10 HEOOX1THOI TOUHOCT1 BUMIPIOBAHb

JIOCSITHYTO.

2.3. MeToanka BUKOHAHHS BUMIPHOBaHb GacaaiB cCiopyau 3a 101OMOTI 00
HA3eMHOI'0 JIA3ePHOIr0 CKaHepa
Sk BimoMo, MmO Ui SKICHOTO Ta HAJIMHOTO 3B’SA3yBaHHS CTaHINN J1a3epHOTO

CKaHyBaHHs, a TaKOX JJisl Mepenadyl KOOPAMHAT 3 OMOPHOI T'€0JIE3UHHOI MEPEeXxi /10
XMapH TOYOK MOTPIOH1 ONOPHI 1iJl. [CHY€e TOCTaTHS KUIBKICTh PI3HUX BHUJIIB OMIOPHUX
mineii. Hemae imeanbHUX BapiaHTIB, KOXXEH Ma€ CBOI HENOJIKKM Ta TiepeBaru. B
HAIIOMY BHWIIQJIKy, OMOPHUMHU WLUISIMH € MapKu, KOTpI 3aKpiIUIeHl MO MEepUMETPY
dacany Oymismi. [lepeBaramMu bOTo BHIY €:

- MOXJIMBICTh BUKOPUCTAHHS BEJIUKOI KIJIBKOCTI OMIOPHUX 3HAKIB;

- MOJXJIMBICTh BU3HAYCHHSI KOOPJIMHAT IIEHTPY BPYUHY;

- MOXJIMBICTh BU3HAYCHHS KOOPAMHAT IIUJII KIIACHYHUMHU METOJaMH TeoIe3ii.
OCHOBHI IPUHIMIIN PO3TAITYBAHHS ONOPHUX I[N M1l YaC CKaHyBaHHS:

- BCTAQHOBJICHHSI [T y CTIMKI MICIISl Ta MICIISl TPUBAJIOTO 30€piTaHHS;

- BCTAHOBJICHHSI 1111 Ha BijicTaHi He Ounbie 20-25 M Bif cKaHepa,
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- BCTAaHOBJICHHS I11J11 3 ypaXyBaHHAM JOCTaTHBOI KIJIBKOCTI TOYOK BUMIPIOBaHb

Ha Hel (s chepu e 21 Touka);

- BCTAaHOBJICHHSI HE MEHIIIE TPHOX IIIJIEH MK CYCIIHIMH CKaHAMU;

- BUKOPUCTAHHA I11JIeH 13 IKOMOra 011101 KIJTBKOCTI CKaHIB;

OckinpKY Ja3epHUN CKaHep HEe BUKOHY€E Oe3MocepeIHE BUMIPIOBAHHS KYTIB Ha
IiTb, HA BIAMIHY BIiJ KJIAaCHYHOI Treoje3ii, 30UIbIIEHHS BIACTaHI 10 IIJIi HE
NPU3BOJUTH 1O 30UIBbIIEHHS TOYHOCTI HaBeleHHs. JlazepHuil ckaHep BHKOHYE
CKaHyBaHHS LI 13 MEBHUM KpPOKOM. BHacmimok 3017bII€HHSA BIACTaHI TIIBKU
3MEHIIYETHCA KIUTBKICTh TOUYOK Ha cdepl Ta 3HUKYEThCS TOUHICTh BHU3HAUYCHHS
BiIcTaHel 70 1. TakuM YMHOM 301IBIIEHHS BIJCTaHI MPU3BOAUTEL A0 3HUKCHHS
TOYHOCTI BHU3HAUEHHA KOOpAWMHAT wim. OnTuManbHE pO3TAllyBaHHS LUl MpU
Ha3eMHOMY JIa3epHOMY CKaHyBaHHI BiJl 2 10 10 M. B Hamomy Bunagxy HalO1IbIIOI0
BiicTanHo Big HIIC no onopHoi Touku € 12 M.

Po3ramryBaHHA OMNOpHMX LI MK CYCIOHIMH CKaHaMH TIOKa3aHO Ha

puc.2.3.1.

Good: _Poor:
- \u
o [ ]
Scan 1 ® | Scan2 Scan 1 [ ] Scan 2 Scan 1 ’. ® ol Scan2
L J L]

Puc.2.3.1. Cxema nopiBHSIHHS pi3HUX BapiaHTIB pO3TAIlyBaHHS OMOPHUX ITiICH
3elleHUM KOJhOPOM TIOKa3aHI CKaHW, JKOBTUM - TEPEKPUTTS CKaHiB.
[lepexputtss mMae OyTu, MO0 CKaHW JOTMOBHIOBAIM OAWH oaHOro. OmopHi i
MOTPIOHO PO3TAIIOBYBATH PIBHOMIPHO Yy BCI CHUIBHIM 00nacTi ckaHiB. bakane

po3TanryBaHHs OMOPHUX LILJIEH — 1€ reoMeTpryYHa (irypa HalOUIbIIOT IO,
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Puc.2.3.2. Cxema posmimienns craniiit HJIC ta onmopHux 1miaeil y BUTIISAI MapoK

CkaHep Mae po3TalIOBYBAaTUCS TaKMM YMHOM, LI00 3a0€3MEUUTH MEPEKPUTTS
MiHIMyM 30 BiJICOTKIB MOBEpPXHI OO’€KTy MIX CYCIIHIMH CKaHaMH, a TaKOX
3a0e3MeunT BUMIPIOBaHb HEJAOCTYMHUX MICIb 13 CYyCIOZHBOTO cKaHa. Kparie
IpoBeCTH OUIblIEe CKaHIB 13 MOBHUM BHUKOHAHHSIM BHMOI JI0 CKaHYBaHHS Ta B
MalOyTHHOMY PO3PILAUTH XMapy TOYOK, HIK TPOBECTH MEHIIy KUIBKICTh 13
IrpaHUYHUM BHUKOHAHHSIM BHUMOr. B Hamomy Bumajaky 3HagoOuinocs 13 craniiif
CKaHYBaHHS HaBKOJIO 00’ €KTY, 1100 3a0€3MeUUTH BIJMOBIIHI BUMOTH.

BaxxnuBuM mapameTpoM IMpu BUKOHAHHS BUMIiptoBaHb 3a nonomorotro HJIC e
KyT MaJiHHS JIa3epHOTO MPOMEHI0. BiH 3ameXuTh Bl BHCOTH 00’€KTa, BUCOTHU

BCTAHOBJICHHSI CKaHepa Ta BIICTaHI MDK HUMH. YuUM TOCTpIIMKA KyT BiJ
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NEPHEHANKYJIAPY A0 IUIONIMHM 3HIMAHHS, TUM KWMOBIpPHIIIE OTPUMATH «IIPKU» Ta
«TIHI» y XMmapi TOYOK. BiAMmoBigHO II1 yMOBa TaKOX Ma€ BpPaxoBYBaTHUCS IIPH
BUKOHAHHI CKaHyBaHHSI.

[Tin yac ckaHyBaHHS 3aJ1a€ThCS MIUIBHICTh BUMIPIOBaHb Ta AKICTh (TOYHICTD)
BUMIPIOBAaHb KOXKHOI TOYKH. 3arajioM IiCHy€ MOXJIMBICTh CKaHYBaHHS y KOJIBbODI,
iHakme Oyjae 3poOieHuil dYopHO-OUTMH CKaH, Tpajarii ciporo 3alieaTd BiX
IHTEHCUBHOCTI BIIOUTTS JIa3epHOro MpomeHio. Bee e Ge3nocepeiHhO BIUIMBA€E Ha
yac CKaHyBaHHS KOXXHOTO CKaHy. [HTEHCHBHICTH BIIOMTTS 3aJIEKUTH BiJl KOJBOPY
00’€KTy Ta Moro A3epkaibHOCTI. B HamoMmy Bumajky ckaHyBaHHS BUKOHYBAalIOCAd B
YOPHO-01JIOMY KOJIbOPI, aJKe 3a3BUYail 00pOOJIEHHS CKaHyBaHb B TAKUX IapaMeTpax
NPU3BOIUTH JI0 Kpamux pe3ynbTariB. [Ipn HakinagaHHI KOJbOPIB BIAOYBAETHCS
HETOYHICTh 1 KAPTUHKA B KOJIHOPI MOKE JICHIO HE 301raTucs 3 XMaporo TOUOK.

OnHuM 3 HalBaXJIMBIIIMX €TaliB BUKOHAHHS BUMIPIOBaHb 3a JOTOMOIOIO
HJIC € KOHTpOJIb BUMIPIOBAHb.

Sk 1 mpu BUKOHAHHI «KJACUYHHX» TE€OJC3WYHUX BHUMIPIOBaHb, KOHTPOJIb €
HEBI1JI"€EMHOIO Ta BaXKJIMBOIO YaCTUHOIO po0oTH. KOHTPOJIb HEOOX1THO BUKOHYBATH SIK
MiJ] 9Yac BUMIPIOBaHb, TaK 1 MiJl yac oOpoOiIeHHs: BUuMiptoBaHb. [1ig yac BUMiproBaHb
KOHTpPOJIb MOJISITa€ y MOJIbOBIM MEPEBIPIll CKaHIB, iX YCHIIIHOCTI Ta HASIBHOCTI BCIX
HEOOXITHUX 30H BHUMIiproBaHb. Ili Yac ckaHyBaHHS BUOMpAIOTH Ta BUMIPIOIOTH
JEKUJIbKa XapaKTepHUX TEOMETPUYHUX PO3MIpIB OO0 €KTYy aIbTepHATUBHUMHU
Metonamu. [1ig yac 06poOIeHHS KOHTPOJIb MOJISTAE Y:

- TIEPEBIPIll KOOPAUHAT OAHIET 1 TI€T K TOYKH 13 PI3HUX CKaHIB;

- 3aMHUKaHHSAM 00’ €KTY MIXK MEPIIMM Ta OCTAHHIM «CKaHOM IO KOJY»;

- BHM3HAQYEHHI  XapakTepHUX  TIECOMETPUYHUX  PO3MIPIB,  BUMIPSHUX

«aIIbTEpHATUBHUMH METOJaMU» 10 CKaHaX Ta MO MOJei (32 HasiBHOCTI);

- KOHTPOJIIO TOPU30HTAIBHOCTI T4 BEPTUKAILHOCTI TOBEPXOHB

2.4. O0po01eHHs pe3yJIbTATIB BUMIPIOBAHb, CTBOPEHHA «XMAPH TOYOK)» 00’ €EKTY

BUMipIOBaHb
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3araioM, Bci (ipmu-BupooHukn HJIC wmaroTh BiacHi mporpamMu s
00poOJIeHHsT BUMIPIOBaHb Ja3epHoro ckanyBaHHs. Hampuknax ne, Faro SCENE,
Leica Cyclone, Trimble Real Works. Takox o0po06roBaTi BUMIpIOBaHHS JIa3epHUX
CKaHEpiB MOXJIMBO 1 B IIporpaMax CTOPOHHIX BHUpPOOHHWKIB. B mepury depry 1ie
Autodesk ReCap ta Cloud Compare. B namomy Bumanaky BukopuctoByBanocs [13
SCENE.

[Tin 4vac oOpoOJIeHHS BHUMIPIOBaHb JIA3€PHOTO CKaHYBaHHS BHUKOHYIOTHCS
HACTYIIHI OTlepariii:

1. IlepenoOGpoOaeHHs.

2. Peectpariis ckaHiB.

3. PeaykyBaHHS BUMIPIOBAHb.

4. ®opMmyBaHHS XMapy TOYOK.

B gesxux I13 Taki omepauii MOXyTh B1IOyBaTHUCh OAHOYAacHO abo OyTH
BIJICYTHIMHU.

[Tepen 06poOICHHSIM CTBOPIOETHCS MPOEKT (puc.2.4.1.)

Krasnova

Puc.2.4.1. CtBopenuii mpoekt B 13 SCENE

Jlani BinOyBaeThCs iIMIOPT CKaHiB (puc.2.4.2.)
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(S) Krasnova - SCENE 2019.0.0.1457

n ¥ Project _'Q Import Y Processing
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Puc.2.4.2. IMnopToBaHi CKaHU B CTBOPEHUI MPOEKT
[Ticns bOTO OOMPAIOTHCS CKAaHM Ta 3aJAl0ThCS TapaMeTpy Mepeao0poOIeHHS

(puc.2.4.3.).
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Puc.2.4.3. BcranoBieHHs mapaMeTpiB mepeoOpoOaeHHs
[Tin uwac mepenoOpoOsieHHsS BUMIpPIOBaHb BUKOHYETHCS MOOYyIOBa «XMapu
TOYOK» 3 BHMIipIOBaHb OKPEMOTO CKaHa. BH3HaualoThCS KOOPAWHATH KOXKHOI TOUKH

XMapyu MO BUMIPSHUM TOPH30HTAJbHUM Ta BEPTUKAJLHUM KyTaM Ta BIICTaHI,
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BU3HAYAETHCS KOJIP KOXKHOI TOYKM 32 IHTEHCHUBHICTIO a00 Ha OCHOBI HAaKJIaJlaHHSA
BUKOHAHOTO (QoTtorpadyBaHHs. BBOJsATbCA MONMpaBKU Yy KOOPAMHATH 33 HaXHII
CKaHepa, OPIEHTUPHUN HAMPSMOK Ta KOOPAWMHATH TOYKH CTOSIHHS, SIKIIO ITi
napaMeTpu OyJiM BBIMKHYTI IT1/1 YaCc CKaHyBaHHS.

Hactynauii kpokoM € peectparisi ckadiB. Ha mpomy erari BUKOHYETHCS
IpUB’SI3yBaHHS PI3HUX CKaHIB MK c00010. TOOTO 3HAXOIATHCS CHUIBHI TOYKH,
OTIOPHI MapKH, CIJIbHI IMOBEPXHI Ta 1HIIE 1 TAKUM YHMHOM BiJOYBA€THCS 3IIMBAHHS
CKaHiB.

[cHYIOTB pi3H1 METO/IM 3IIMBAHHS CKAHIB Y €AMHY «XMapy TOUOK», TaKi SIK:

1) aBTOMaTHYHE 31UTUBAHHS,

2) METOJ1 BI3yaJIbHOT'O CYMIIICHHS;

3) MeTO/1 «PO3JIIEHOTO EKPaHY»:

a) 10 XapaKTepPHHUX TOUYKAX;
0) o onopHux HUAX(cepax, MapkKax);

3mMBaHHS HEBEJIMKUX 1 MPOCTUX 00 €KTIB 13 JOCTATHIM PO3TAIllyBaHHSIM
CHeIiaTi30BaHuX IIJIEH YacTO 3MIMBAIOTh B aBTOMAaTHYHOMY PEXUMI. ABTOMATHYHE
3IIMBAHHS BUKOHYETHCS MUISIXOM HAaKJIAJAaHHS XMap TOYOK MK PI3HMMH CKaHaMH Ta
y BUTIAJKY CKJIAIHUX 00’ €KTIB MOKE MPU3BOJIUTH O HETOYHHUX PE3YJIBTATIB.

Mertop 31IMBaHHSI CKAaHIB MPU HAaKJIAJaHHI CIUIBHUX IUIONIMH OUIBII BAJO
peanizoBanuii came B Cyclone Ta TRW. B nux 113 € MOXIuBIiCTh HaKIagaTH CYCiJIHI
CKaHM OJHE Ha OoJHOro sk y miadi Tak 1 no BucoTi. B I3 SCENE nakmananss
MOKJIMBO 3poouTu e y miadi, B [13 ReCap takuii MeTon B3araii BiACYTHiil.

VY 11poro MeTony € Bl MpooOIeMu:
1. TouHicTh HaKJIAJaHHS TUIOMIMH — aJpKe 1€ pOOMThCA Ha IJIaHAX Ta po3pizax
MPUBEIACHUX JI0 MacIITady MPUMIIICHHS;
2. CknagHICTh Y HaKJIaJIaHHI [IPU HEPEX0/il 3 OJJHOTO NPUMIIICHHS B 1HIIIE;

Takum 4MHOM, 11I€M METOJ CIIYKUTh pijlle HAOJUKEHHSIM Y MOJOKEHHI CKaHIB

I IIPOBCACHHA aBTOMATHUYHOI'O 31IMBAHHA.
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[Ipn BUKOHAHHI 3MIMBAaHHS METOJIOM pO3JIIEHOTO eKpaHy B neskux [13
(ReCap, Scene) € gororpadiune 300pakeHHs] Ha CKaHAX, sIKE JIETKO MacIITaOyeThCs
Ta JI03BOJISIE POBECTH TOYHE HABEICHHS HA BUOpPAHY LLJIb.

[lepen TUM SIK TPUCTYNUTH A0 PYYHOro 3IIMBaHHSA Tpeba oOpatu mapy

cycimgHix ckaHiB (puc.2.4.4.).

Puc.2.4.4. Bubip cyCigHUX CKaHIB
Jlanmi 3HaX0AThCS MIHIMYM TPH CIIJBHI TOUYKH, a00 OMOpPHI 11111, a00 MOBEPXHI,

ab0 moeHaHHS MX BUIB nuiei. [lei nporec 300pakeno Ha puc.2.4.5.

Mark Targets

Puc.2.4.5. 3HaxomKeHHs TPhOX CHUIBHUX ITiJIEH HA CYCIJTHIX CKaHaX

Takum 4YMHOM TaK PEECTPYIOTHCS BC1 HasiBHI CKaHU M1 co0oto (puc.2.4.6.)
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Puc.2.4.6. Peectpanis ckaHiB
[Ticnms Toro sk peectpartito 3akiH4eHo, [13 pekoMeHaye BHKOHATH TJIOOATBHY

ONTHUMI3AIIII0, 11100 MIHIMI3yBaTH MOMUWIKH (puc.2.4.7.).

Registration Complete

Manual Registration completed successfully. It is recommended to perform a global optimization on Cluster 'Scans’ now to
minimize errors.

13 Start Optimization: Cloud to Cloud
83 Start Optimization: Target Based

€) Return To Registration Dashboard

Puc.2.4.7. BikHO 3aKiHYEHHS PYy4YHOI peecTparlii
Bapro obupatn ontumizariito «Cloud to Cloud», ToOTO HakimagaHHS XMapu
TOYOK JI0 XMapyh TOYOK MiK CKaHaMH, OCKUIBKH TIOBEPXHI CTAalOTh PIBHUMH Ta
MO>KJIMB1 HETOYHOCTI HIBENIOIOThCA. K pe3ynapTaT UBOTO €Tany, MU OTPUMYEMO

3muThid mpoekT. Ha puc.2.4.8. moka3zaHo pe3yabTaTH peecTpartii.
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AutoCluster
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Puc.2.4.8. 3BIiT npo peecTpallito CKaHiB
BigoOpaxeHo, 1o MiHIManbHe NEPEeKpUTTa Maiike 60%, MakCuMalibHE BIAXWJICHHS
MeHIIIE 4 MM, a CEpEeIHE — 3 MM.

HactynHoro omepalii€eto € peaykKyBaHHsS BHMIpIOBaHb. SKIIO BUMIPIOBaHHS
HEOOXITHO BHKOHATH B SKIACH CHUCTEMI KOOPJWHAT, BIAMOBIAHO MPOEKT IMiCIs
3IIMBAHHS MOTPIOHO TyAH BIAPETyKYBaTH.

PenykyBaHHS B CHCTEMY KOOPJIMHAT BiI0YBAETHCS HACTYITHUM TOPSIKOM:

1. Immopt ¢aitnm B dopmati .csv, KOTpUM MICTUTh Ha3BY OINOPHUX IIUICH 1

KOOPJIMHATH X,Y,Z.

2. Buxonanns ¢yHkiii «Place Scansy (puc.2.4.9.), KoTpa NpOEKT IMIIJIEMEHTYE

B MOTPIOHY CUCTEMY KOOPAMHAT MO ONOPHUM ILIJISIM.
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Locate 'AutoCluster'

Mew

Wiew
Load &ll Scans
Unload All 5cans &nd Pictures

Cluster
Reference Cluster
Fixed Cluster

Filter L

Correspondences ¥

Import/Export
Save Objects in Scans

Preprocessing r
Color/Pictures r
Delete Inactive Fits
Point Cloud Tools *

Create Origin Global System r
e 21 —_—r

Puc.2.4.9. ®ynkiis «Place Scansy

Delete 'AutoCluster' Delete

Correspondence View

Rename

Create References From Workspace References
Mowe Clusters to Center of Scans

Check GPS Consistency

Disband All Clusters

Properties... Ctrl+Enter

Create Trajectories

3akmiouyHUM eTarnoM oOpoOJeHHs € ¢dopMyBaHHS Xmapu Todok. CrpaBa B
TOMY, IO YUM Jajl 3HaXOAUTbCS OO0 €KT CKaHyBaHHS, TUM pIiJIII€ Ha HBOTO
NOTPAIISIIOTE TOYKM CKaHyBaHHA. BiAnmoBigHO e MpU3BOAUTH A0 TOrO, LIO IO
00’€KTy XMapa TOYOK He piBHOMipHa. [IparroBaTyi 3 TakOK XMaporw TOYOK HE
3pyuHo, Tomy B I3 € ¢yrnkuis ctBopeHHs xmapu Touok. Ha pucynky 2.4.10.
NOKa3aHl HaJaIITyBaHHS XMapu TOYOK, Jieé FOJOBHUM MOMEHTOM € TOMOI€HI3allis
TOYKOBO1 HIUIBHOCTI. TOOTO XMapy TOHYOK poOHMMO PIBHOMIPHOI, HANpPUKIAA, KOXKHI

1.5 mm. XMapa Todok OyJie po3piIPKEHOI0 B TUX MICISIX Ji€ BOHA AyXKe LIIIbHA.



Filter Settings

Project Point Cloud / Scan Peint Cloud Settings

[~]Eliminate Duplicate Points:

- [ ]
Low

[ ] Close Surfaces

Full Color Detail

Cell Size

[ ] Distance Filter

Temporary Data Folder

. Search Radius

Homogenize Point Density

=

Apply Color Balancing

|C:‘I.Users‘l.User‘l.ﬁ.ppDaE‘lLoml‘l,Temp‘lSCENl:—remp‘l, |

Disk Space
(Temparary) C: CK

(Target) D: OK

Puc.2.4.10. HanamryBaHHsI CTBOPEHHS PO3PIIKEHOT XMapH TOYOK
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[Ticnst yCHimHOro CTBOPEHHSI XMapH TOUOK 3’ SIBJSIETHCSA MOMKIUBICTh €KCIIOPTY

B HacTynHux gopmarax (puc.2.4.11.)

Export Scan Points

Format: ES7 Files (*.e57)

File Mame:
DXF File {*.dxf)

IGES File (%.igs)
PTS File (*.pt=)

CPE File {*.cpe)

VRML File (*.wrl)

¥¥Z Ascii File (%.xvyz)
¥¥Z Binary File (*,xvb)

Pointools POD (*,pod)

Puc.2.4.11. HasaBui popmatu ekcriopty xmapu Touok B [13 SCENE
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Haitbinpm monyssipuuM 1 3pyuyHuMm € ¢opmat .e57. BiH 103Bojsie HaBIThH
JIOJIATKOBO 3IIMBATH 1 00pOOIIOBAaTH XMapH TOYOK, ajke 1Hdopmarllis mpo CTaHIIi
CKaHyBaHHS 30epiraeTbes.

Tak sk momanbmi 1ii 3 XMapor TOYoK OynyTh BimOyBatucs B 113 Autodesk

Revit, To ii neoOximHo 3aBantaxutu B [I3 Autodesk ReCap, xoTpumii crpuiimae

dopmar .e57. BinOyBaetscs immopT B ReCap Ta orpumyemo Ti k cami nmani 3 [13

SCENE (puc.2.4.12)

R AUTOSESX RECAP MO [ - - N

Puc.2.4.12. Xmapa touok B [I3 ReCap
3aKIIOYHUM €TaloM € eKCHOpT Xmapu y ¢opmari .rcp 1 immoprt ii B 113

Autodesk Revit qyst ctBopenns 3D-mozeni criopyau
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PO3A1JI 3. CTBOPEHHA 3D-MO/IEJII CIIOPY/IU B AUTODESK
REVIT

3.1. BinTBopeHHs oceii Ta piBHIB 00’€KTy BUMiIpIOBaHb
Haiinepimium KpoKoM B MOJEINIIOBaHHI CIIOPYAM € BIITBOPEHHS OCEM Ta piBHIB

00’€KTy BUMIPIOBAHb.

Jlana crnopyna Mae TpU OCHOBHMX pIiBHI Ta JBa J0JaTKOBUX. HalHmK4um
piBHEM € MiJIBaJI, IO 3HAXOAUTKLCS TAUOIIe HAa 3 MEeTpa BiJ PiBHS MEPIIOTO TMOBEPXY.
PiBens 3 BiamiTkor0 0 — 11e mijyora mepuioro nosepxy. HactynmHum € gonaTkoBuii
piBEHb OAWH 3 BIAMITKOIO 1,36 M, KOTpui 301raeTbCsa 3 KpPaem MiABAJIBHOTO Naxy.
PiBens apyroro moBepxy 3HaXOAUThCS Ha BUCOTI 3,5 M. I kpailHIM € mogaTKOBUUN
PIBEHb JIPYTOro MOBEPXY 3 BIAMITKOIO 6,26 MeTpa, Ha KOTPOMY 3HAXOJUTHCS TOYATOK

JPYroro faxy.

Hon pests 2 nos_ g
G240

Non pweks 1 4
1320 4
Mosepx | g
0

Maean A
B - i - ) i o o o ) - oo -

Puc.3.1.1. HanamroBani piBHI ciopyau
PiBH1 OyyBanucs 3a JOMOMOTOI0 CUCTEMHOIO ciMeicTBa «PiBHI», 3a TUM OyII0
B3STO cTaHmapTHHUM madnoH Revit «BepxHiit 6pyc 8mm». Tak sik xmMapa TOYOK He
30BCIM piBHAa B TOPU30HTAIHHOMY IOJIOKEHHI, BIIMOBITHO BUXITHUN PIBEHb TPOXU
NOBEPHYTUN 3aJj1sl 3a0e3MeyYeHHs] CYMIIIEHHsS 3 IOBEPXHEI0, a BCl 1HIIl piBHI
noOy/10BaH1 BITHOCHO MEPIIOTO.
Hactynaum kpokom OyJ10 BiaTBopeHHs oceit (puc.3.1.2.)
[ToGynoBa oceit BimOyBayiacsi 3a JOMOMOIOK CHUCTEMHOTO cimeicTtBa «Bich

citTku». s CTBOpEHHS MapKh OCI BHUKOPHCTOBYBAJIOCS KaTeropis ciMencTBa
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«MeTpuyHa cuctema, TUIOBa aHoTallii». B Hilt Oyno 3po0iieHO MapKy 3 OKPY>KHICTIO

B 6.5 MM. Oci cymimanucs 3 yciMa ycTyllaMu CTiH Ta 1HIIMX HECY4UX €JIEMEHTIB

Lot [T

Puc.3.1.2. BigTBOpeHi oci criopyau

3.2. CTBOpEeHHS HEeCy4YHX eJIEeMEHTIB CIIOPYAH (CTiH, IePeKPHUTTIB)

Tak sk crnopyaa Mae TiABaJIbHE NPUMINIEHHS, MEPIIUM OyJI0 CTBOPEHO
dbyamamenT migBany TtoBmuHOIO 300 Mm. B gpyry uepry, Ha HbhOMY OyJ0
noOynoBano 500-mMM nernsiHi QpyHIaMeHTHI CTiHM BHcoToro 2,65 M. [lomepeny Tta
no3aay crnopyau, ¢byHIaMEHTHI CTIHM BHUCOTOIO 3 M, Ta OOKJajeHi 3Bepxy 20-mm
wmTkow. Buxin 3 miaBany 3po6nenunit 120-MM LETISHOIO CTiHOIO BHCOTOIO 1,85 M.

Takox HaBKOJIO CHIOPYAU OYJI0 BIATBOPEHO MOBEPXHIO 3€MJI1, SIKa HE € PIBHOIO.
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Puc.3.2.1. CTBOpeHi HeCyUi €IEeMEHTH CIIOPY/IU JI0 MEPIIOro MOBEPXY
3aranoM, HaWOUIBIIUM HIOAHCOM, OCOOJIMBICTIO POOOTH 13 XMapOI0 TOYOK IO
roTOBOMY 00’€KTYy € HEpIBHICTh IUIOLIWH, NMMOBEPXOHB, JiHINA Tomo. Hampukian, B
IIbOMY 00’ €KTi CTIHHM € KPHUBUMHU 1 I YHEMOXKIIUBITIOE TTOOYIOBY OJTHUM €JIEMEHTOM.
B nanomy BHUMaaKy CTIHM € CKJIaJ0BUM 13 KUIBKOX OO’€KTIB, KOXEH 3 SIKUX, 13
3a37aierib, BUOPAHOI TOYHICTIO BIATBOPIOE TIOJOKEHHS YAaCTUHU CTIHU Ha
micieBocti(puc. ). IloGymoBa B TakoMmy pa3i BigOyBacTbcsi 3 BHUMKHYTOIO

MPUB’ SA3KOI0.




Puc.3.2.2. BimoOpaxeHHst moOyA0BH CTiH 3 IEKIJTHKOX €JIEMEHTIB
OTxe, HACTYITHUM KpOKOM OyJia o0y 10Ba MEPEKPUTTSI Ta CTIH MEPIIOTO MOBEPXY.
CtBOpeHo 1erisgHi cTiHd ToBimuHOW 510 MM Ta Bucotoro 3,5 merpu. [loOynoBano
150-MM mepekputTTa. Y cHopyau € Tepaca mnepel BXojom, koTtpa Mae 200-mm
MEPEKPUTTS, HA KOTpOMY po3mimieHa 20-MM IUTUTKA, 1 B ACSKUX MICHSX MOKIAIEHO

JIaMiHAT.

Puc.3.2.3. CtBOpeHi HeCyUl e1eMEHTH CIOPYIU JI0 IPYTOTO MOBEPXY

Ham Oyno ctBopeHo 150-MM TEepeKpUTTSI JPYroro IMOBEPXYy 3 KepamiyHOIO
mwmTko. Ha npyromy moBepci moOyJoBaHO OJHY HECyuyy LETJsHY CTIHYy Ta Tpu
o0mmmTi AepeB’siHO0 50-MM J0o1IKO0. 3pobsieHo Buxif i 6ainkoH. [To3axy cnopyauy,
BUX1JI 3 MiABaTYy cTBopeHuit 3 20-MM nosikapOoHnatHux cTiH. [lepen Tepacoro, yepes
CHUCTEMHE CIMEHCTBO CTBOPEHO MOHOJIITHI CXOAW 3 KOHCTPYKTUBHOIO BHCOTOIO
Mapiry 150 mm Ta ToBmmHOIO omaakd 300 MM oguHapHUM. TUIT MapKu BHUPI3y €

OJVMHAPHUM 3UT3ar.
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Puc.3.2.5. Ctinu 3 nosikapOooHarty

Bci cTiu B 11bOMY HiAPO3/UJII CTBOPEHO 3a JOMOMOIOK0 CUCTEMHOIO CIMEWCTBa
«bazoBi cTiHWY.

3aKIl0OYHUM eTarnoM IbOTO IMYHKTY € CTBOpPEHHs jAaxiB. Bcboro y o0’ekra
HauyeTbes 7 1axiB.

[TepmuMm € 100-MM gax CTBOpPEHU MO KOHTYPY Yy CUCTEMHOMY CIMEMCTBI «ba3oBi

Jaxu», BIH MOKPUBAE MEPUIMI MOBEPX 1 3HAXOAUTHCS HA PIBHI JPYroro MoBEpXy.
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CTpyKTyporo CJIOI0 € OoOpelliTKa Ta METaJeBUM JHCT. YXWiH cTaHoBIATH 20-30
IpajayciB.

Hactynmaum € aBocxwimil Aax Takol TOBIIMHHU Ta CTPYKTYPH, ajlé CTBOPECHHUM
BUTUCKaHHSAM. BiH nokpuBae npyruii nosepx 1 0a30BUil pIBEHb SKOIO € JOJATKOBUMN
2-ro NoBepXxy.

TpeTbol0 KOHCTPYKIIIEIO € Jax HaJa Tepacow 3 MOAIOHMMHU [0 MHUHYJIHX
XapaKTepUCTUKaMM Ta yXUJIOM B 5 rpaayciB.

[TomanpmuM 1 OpUIIETIUM 10 JaXy APYTOoro MOBEpXy € HAKPUTTA Uid OalKOHY
CTBOPEHE TAKOXK 32 JJOIIOMOI'OX0 BUJABIFOBAHHS.

Ha naxy nepmoro nosepxy 3a nonomororo ¢pynkuii «Illaxta», cTBopeHo mpopi3
JUTsl BUXOZly Ha BepX cnopyau. Bin Hakputuii 170-MM 1axoM 3 METaJeBUM JIMCTOM Ta

obuutuit 20-MM aepeB’ ssHUMU cTiHamu (puc.3.2.6.)

Puc.3.2.6. CtBopenuii mpopi3 ¢pyHkiiero «lllaxtay

Ha Buxoai 3 migBaimy 3po0jieHO HaBiC 3a A0MOMOror ¢Gopmu «3CyB», TOOTO

ctBopenHst 3D-Tina msxom 3cyBy 2D-nipodimto (puc.3.2.7.)
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Puc.3.2.7. Hagic Hag BUXO0M 3 TiABATY

Kpaiitim € mody10Ba MaJI€HbKOTO HAKPUTTS M1JBAJILHOTO BIKHA.

Puc.3.2.8. HakputTs miaBaipbHOTO BiKHA
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Puc.3.2.9. CtBOpeHi naxu cnopyau

3.3. CTBOpeHHs CiMelCTB 1JI 00y 10BH OyAiBeJIbHUX KOHCTPYKIIii

HactynHum kpokom Oyi0 cTBOpeHHs OyI1BEbHUX KOHCTPYKII Ha Tepacl.

CtiHM Ha Tepaci CTBOPEHI B CUCTEMHOMY ciMeicTBI «Bitpax». I1iq koxkeH BiTpax
Oyno ctBopeHo cBi Tum. Takox B Kareropii cimeiictBa «MeTpuuHa cucrema,
npodinb-IMnocT» B cimelcTBl «IMIiocTH BiTpaka» OyJo CTBOPEHO pI3HI BHIU
MPSIMOKYTHHUX IMITOCTIB 3 PI3HOTO MaTepialy Ta Pi3HUX PO3MIpIB.

Ha Tepaci manensmu BITpaKiB € CHUCTEMa NaHENb: 31 CKIIHHAM 1 MPSIMOKYTHI
QJIIOMIHIEB] IMIIOCTU Pi3HUX po3MipiB. LleHTpabHOIO YacTHHOIO OyB BITpax-ABEpI,
ne B cimercTBl «CucTeMHA MaHeb» 0yJI0 CTBOPEHO THIl «/[Bepi» 3 MaTepiajioM CKiia

1 TOBIIUHOIO 25 MM.
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Puc.3.3.1. Tepaca 3 BiTpaxkamu
Ha OankoHi TakoXX OyJ0 CTBOPEHO OrOpOXYy 3a JIOMOMOIOK) CHCTEMHOTO
cimeiicTRa «Bitpax». Y cimelictBi «CucTeMHa mMmaHenb» OyJl0 CTBOPEHO THI 3
MaTepiajioM MoJikapOOHATOM, TOBIIMHOIO B 40 MM. VY BiTpaki BUKOPUCTOBYBAJIUCS

JepeB’ sTH1 IPSIMOKYTH1 IMIIOCTH PI3HUX PO3MIPIB.

Puc.3.3.2. bankoH 3 oropoxero

[Tig HAKPUTTSIM MIABAJIBHOTO BIKHA TaKOX CTBOPEHO Oe3MaHeNbHI BUTpPaxi 3

AFOMIHIEBUMH MPSMOKYTHUMH IMIIOcTamMu po3mipom 20x20 mm(puc.3.3.3)
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Puc.3.3.3. be3nanenbHuid BiTpax MiJ HAKPUTTAM

HactynHoro kateropiero 0ynu «/IBepi». Mogeni nBepeit CTBOprOBaIMCS Ha OCHOBI
Kateropii cimeilictBa «MeTpuuHa cucTeMa, JBepi». bylao CTBOpeHO CIMEHCTBO
«/IBepb-Ilongiitna-1l{uroBa Ilanens», B KOTpoMmy 3poOJeHO THUM JBEpl Ui Jaxy
po3mipom 900x1000 MM 3 MaTepiasioMm MaHesl 1 MAPI3KY - AepeB’siHa JomKa. Takox
Oyno  crtBopeHo  iHme  cimedcTBO  «/IBepb-OnunapHa-ll{uroBa Ilanens-
JIBOCTOpOHHS», B KOTPOMY BITBOPEHO JIBEPH 3 MostikapboHaty po3mipom 920x2290

MM, JIJIs BUXO/Y 3 TI1JBAITY.

Puc.3.3.4. JIBepi Ha axy Ta Ha BUXOJI 3 MiJIBAITY
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Tperimu aBepuma OyB IHEeHTpalbHUU BXia B crnopyay. Ckio naHux JBepei
CTBOpPEHE SK €JIEMEHT BHUYABIIIOBaHHS, a 1HIN CKJIAJOBlI — 3a JIOMOMOrow (opMmu
«3cyB». BuuaBmoBaHHsIM € cTBOpeHHs 3D-Tina nuisxoM BuaaBioBaHHs 2D-dirypu
(npodimo). I[To6ynoBana 2D-dirypa BUKOPUCTOBYEThCS sIK ocHOBa st 3D-dirypu,

YTBOPEHOI NUIIXOM BHJIaBIIOBAHHS MIXK TIOYATKOBOIO 1 KIHIIEBOIO TOUKAMH.

Puc.3.3.5. llentpanbHi BXigH1 ABEpi

Bikna cTBOproBanmcs 3a Kateropi€ro cimeiictBa «MeTpuyHa cHUCTEMa, BIKHOY.
Byro 3pobiieHo fmekiibka OKpeMHuX CIMEHCTB 3 TUTIAMU BIKOH: OJIMHAPHI Ta MOJBIMHI
BiKHa-(ppaMyTu 1 apKOBi BiKHa-(ppaMyTH, HOTpPiiiHE BIKHO.

3a MPUHIIMIIOM BIKHA CTBOPIOBAIMCS TaK caMO SIK 1 IIEHTpajbHI BXIJTHI ABEpI.

[TinBiKOHHS pOOMIIOCS 3 LIETIIH 32 JOMIOMOTOIO €JIEMEHTY 3CYBY.
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Puc.3.3.6. Pi3Hi TUNIU CTBOPEHUX BIKOH

3.4. [lonaBaHHs pi3HUX apXiTeKTYPHHMX eJIeMEHTIB Ha (pacaau COpyaun
VYHIKaIBHICTh apXiTEKTypPHOMY CTHJIIO HAIAlOTh TakKi €JIEMEHTH, SK (aHTa3iitHi
netani odopmieHHs dacaxy Ta naxy, OaNKOHHM, epkepu, (POHTOHHU, BIKHA Ta iX
obpamieHHs1, hopMa OTBOPIB Ta 6AraTo 1HIIOTO.
Hampuxnan, Ha Tepaci oropoka CTBOpEHa B CUCTEMHOMY CiMeMcTB1 «BiTpax» 3
JIEPEeB’THUMU TPSIMOKYTHHUMH IMIIOCTaMH, BTIM TMaHENb OTOPOXKI BHUKOHAHO B

OKpPEMOMY CIMEMCTBI 32 JOTIOMOI'OIO €JIEMEHTY 3CyBY

700

Puc.3.4.1. Oropoxa tepacu

B cimeiicTBi «Y3araabHeHI MOJEN» CTBOPEHO CAHAPUKHU PI3HUX THUITB 3a

JIOTIOMOT'O0 €JIEMEHTIB BUYABIIOBAHHSI Ta 3CYBY.
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Puc.3.4.2. Canapuku pi3HUX THUIIIB
ByniBas o3n001eHa MpONMIBHUM JEPEB'THUM JeKOpOoM. JlekopaTuBHI eleMEHTH
CTBOPIOBAJIUCS SIK OJIMHOYHI CIMEHCTBA, ab0 fK CIMEWCTBA, IO CKJIAJAIOTHCA 3

MacCHBY Pi3b0JICHUX JIeTaCH, IO MOBTOPIOIOTHCS (prc.3.4.3.)
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Puc.3.4.3. JlekopaTuBHUI €I€MEHT MACUBY

MopentoBanHs p13L00BOTO OAKOHY BiI0yBajocs B KaTeropii «MeTpuuHa
CHUCTEMA, aHTYpax». AJKe MOJIeT ITuX 00'€KTIB — OUTBII CKIIQIHIII ciMelicTBa. B

JTAHOMY BHIAJIKy BUKOPHCTOBYBABCS €JIEMEHT OOEpTaHHS.
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Puc.3.4.4. MonentoBaHHsI pi3b00BOro OaIKOHY
CknafoBl K KapHM3W, MIDKIIOBEPXOB1 TOSICH, JIMIITBU, MIBKOJOHKKA Ta 0ararto
iHmoro. Taki enmemMeHTH Oylio 3MOJEIbOBAHO SIK ciMmeiicTBa kareropii «Tumosa

MOJIeJIb Ha OCHOBI TpaHl» 3 HACTYIIHUM HaKJIaJCHHSIM Ha IUIOCKI IpaHl CTIHU
(puc.3.4.5)

‘ Fofnibyoliopot
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Puc.3.4.5. MoaentoBaHHs Ha OCHOBI T'paHi
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Sk 3aranpHUl pe3ysbTatT, MOKaKeMO MOBHICTIO CTBOpeHY 3D-Mozenb cropyau

B [13 Autodesk Revit (puc.3.4.6)
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Puc.3.4.6. BinoOpaxenus roroBoi 3D-mozeni ciopyau
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PO3 A1 4. TEXHIKA BE3IIEKH 111l YAC BUKOHAHHSA
I'EOAE3NYHUX OBMIPHHUX POBIT TA KOITOPUC

OCKUJIbKY M1J1 Yac BUKOHAHHS T€0Je3UYHUX OOMIpHHX poOIT HaiOuIbIIa yBara Ta
yac npunuieno HJIC, a came nazepHomy ckaHepy ¢ipmu FARO, oTxe OCHOBHI
3ax0/i OE3MeKu CIPSIMOBaH1 caMe Ha IIe.

3aranpH1 BiJIOMOCT] PO TEXHIKY O€3MeKu:

- He mignaBaiite mpucTpiil BIUIMBY €KCTpEMaJIbHUX TEMIEPATYP.
TemnepaTypa HaBKOJHUIIIHBOTO CEPEIOBHUINA HE MOBHHHA OyTH HMX4Ye abo
BUIIE, HI)K 3a3HAYCHO B TEXHIYHUX XapaKTEPUCTUKAX.

- He BukopucroByiite nazepuuii ckanep Focus3D noOnusy mxepen Teruia,
Takux gk paaiatropu, OOirpiBaui abo iHIII MPUCTPOi, IO BUIPOMIHIOIOTH
TEII0 (BKJIIOYAOYH MiACHIIIOBAYI).

- IlepekoHnaiiTecs, 0 B NPUCTPIA HE MOTpamuia BoJa BCEPEAMHY. SKIIO
plAuHA TOTpamise B KOPIYC HPUCTPOIO, 1I€ MOXKE MPU3BECTH A0 HOro
MOIIKOXKEHHS, TIOKEX1 a00 ypa)KeHHS eNeKTPUIHUM CTPYMOM.

- He BukopuctoByiite Focus3d moGmu3y mkepena CUIBHOTO MarHiTHOTO
1oJIst a00 €IEKTPUYHOTO TOJIS.

- [lix yac poOOTH Ha BIIKPUTOMY IMOBITPI BUKOPUCTOBYUTE aKyMYyJISITOP SIK
JOKEPEIIo JKUBJICHHS Ta TIEPEKOHAMTECS, 110 Balll IPUCTPINA 3aXUIICHUN Bl
noury Ta 6pu3ok Boau. CkaHep HE MOXKHAa BHKOPHUCTOBYBATH y BOJOTOMY
CEpEeIOBHILIL, 1€ MOKE YTBOPIOBATHCS KOH/ICHCAT.

- Ilpu nepemiriieHH1 TPUCTPOIO 3 XOJIOTHOTO CEPEIOBHUIIA B HAOAraTo O1IbIII
TEIUTy MOK€ YTBOPUTHCS KOHJICHCAT Ha JCSIKUX eleMeHTax ckanepa. 1106
OO0 YHUKHYTH, MPHU MEPEMIIICHHI CKaHepa 3 XOJOJHOI0 CEpeOBHILA B
Habarato TeIUTiIe PEKOMEHIYEThCS TOMIIIATH CKaHEp B TePMETHYHUN
IUTACTUKOBUN TakeT. Yepe3 1€ KOHIEHCAT HAKOMWYY€EThCS Ha TMOBEPXHI
YIaKOBKH, a HE BCEPEANHI CKaHepa. SKIo ckaHep HEMOXKJIMBO 3aKPUTH Ta
yIHaKyBaTH, 3a4eKaiiTe, TOKM KOHICHCAT TIOBHICTIO BUMAPYETHCA 31 CKaHepa,
nepil Hix yBIMKHYTH Focus3d.

Enexrpobe3neka:
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He BinkpuBaiiTe kopmyc. YcepeauHi KOpIycy 3HaXOASIThCs €IEMEHTH, 110
3HAXOJATHCA M1 HEOE3IEYHUM BUCOKOIO HAIIPYTOI0.

bynp-akuii nmpeaMer, mo 3HaXOAUTHCS 103a OTBOPOM, MOKE IPU3BECTH 110
HOXKEXK1 MPUCTPOIO, YPAXKEHHS EJIEKTPUYHUM CTPYMOM ab0 IOJIOMKH,
OCKUIBKH III TPEAMETH MOXYTh CTHKHYTHCA 3 TOYKaMu HeOe3meuHoi
Hanpyru abo BUKJIMKATA KOPOTKE 3aMUKaHHS.

[TepexoHnaiiTecsi, 110 XapaKTEPUCTUKH MEPETBOPIOBaYa 3MIHHOIO CTPYyMY
BIJIMOBIIAI0OTh HAIpPY3i ICHYI0YOi Mepeski. SIKII0 BU HE BIEBHEHI B HANpy3l
BaIllO1 MEPEK1, 3BEPHITHCS B MICIIEBY CITY»KOY €JIEKTPOIOCTayaHHSI.

[Ilo6 yHUKHYTH ypaXX€HHS €JIEKTPUYHUM CTPYMOM BHUKOPUCTOBYHTE

JOKCPEIIO JKUBJICHHS TUIBKH B CyXux HpI/IMiH_[eHHHX.

3axoau 6e3nexu npu poOOTi 3 JIa3epoMm:

Jlazepnuii ckanep FARO Focus3D renepye HeBUAUMUHN Ja3epHUN MPOMIHB 3

nosxkuHOO xBwm 905 HM. CepenHs MNOTYXHICTh Jiazepa Makcumym 20 MBT.

BinxuneHHss mpomeHss B CTaHAApTHIA KomruiekTanli cranoButh 0,19 wmimipaniana

(0,011 ©). Jlazepnuii ckanep FARO Focus3D Bianosinae crangapty IEC60825-1:

2007 (pemakuis 2.0) 1 xkinacudikyeTrhcs K JazepHa cuctema kiacy 3R. Jlazepuuit

cka"ep Faro Focus3D BigHOCUTBHCA 10 Ja3epHOi cucTteMu kjiacy 3R. BiAOBITHO A0

CTaHAapTy, NPSMUNA KOHTAKT BHYTPIIIHHOTO MPOMEHS JIa3epHOi cuctemMu kiacy 3R 3

OKOM MO€ MOTIPIIMTH 31p y pa3l MEepPEeBUILEHHS BCTAHOBJIEHOI MEX1 E€KCHO3MUIIIi.

OTxe, y HUbOMY MIPOAYKTI BUKOPHUCTOBYETHCS JIa3epHA CUCTEMA, TOMY:

- He wnamaraiitecss BIAKpUTH KOpIyC, IIO0 YHHMKHYTH MpPSIMOTO BIUIUBY

JIA3€PHOIro IMMPOMCHH.

- Slkmo BW mpaIoere Ha MeEHI OesmedHidt Bijacradi Bim odeit (NOHD),

PEKOMEHIyEThCSI HE IMBUTHCS Ha Jlazep. Y HUKAWTe MPsSMOro BILUIMBY Ha O4Yl, HE

JUBITHCS PSMO HA IPOMIHb 1 HE HaIlPaBJsUTE MPOMIHb HA 1HILKX.

- He nuBiThCs TpsiMO Ha Ja3epHUMN TIPOMIHb Yepe3 ONTHYHHUMA MPUCTPOI.
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- He craBte m3epkana abo mpeaMeTd 3 BiIOMBHOIO TMOBEPXHEI0 HA MUIAXY
npomens. L1 3axonu 0e3neKu TakoK 3aCTOCOBYIOTHCS /10 BIIOUTOTO J1a3€pHOTO
CBITIA.
- Tinbku HaBYEHUH MIEpCOHAT MOKE BUKOPUCTOBYBATH JIA3EPHUM CKaHED..
- Ilepconan, skwii mpamroe Ha BiacTaHi, MeHmIA 3a Oesmeuny (NODD),
MOBUHEH BHUKOPHUCTOBYBATH 3aXWCHI OKYyJSIpd Juisi Oe3medHoi poOoTH 3
Ja3epoM.
- He no3Bomsiite mioasm 6e3 3aXMCHOTO CKJIa BUKOPHCTOBYBATH Jla3ep B 30HI
NOHA (To0T0 BUKOPHCTOBYHUTE 3aXHUCHY OTOPOXKY ).
- 3ona NOHA mnoBunHa OyTu oOJiajHaHa BIJANOBIAHUMHU 3HAKaMH, SKi
MONEPEKAIOTh PO BUKOPUCTAHHS JIA3€PIB 1 HAJIE)KHUM YMHOM OOrOpOJIKEHA.
- Kommanii, 1m0 BUKOPHUCTOBYIOTH Ja3epHy cucTeMy kiacy 3R, MmoBuHHI
MIPHU3HAYUTH OKPEMOTO CIierianicTa 3 0e3neKy Npy BUKOPUCTAHHI Jia3epa.
Jlis CTBOpPEHHSI OMOPHOI TeOe3MYHOI MEpPEk i BHKOPHUCTOBYBABCS EJICKTPOHHHIA
taxeoMmeTp kommaii Leica Geosystems. Po3srisinemo 3axoau Oe3neku mpu poOoOTi 3
TaKUM TIPUIIATIOM.
[IpuitHATHE BUKOPUCTAHHS:
- ['opr30HTaNbHUX 1 BEPTUKATBHUX KYTIB BUMIPIOBAHHS
- BumiproBaTu BijicTaHi;
- 30epiratu pe3yybTarTy;
- BigyamidyBaT HanpsIMKM BI3yBaHHS 1 TIOJIOKEHHS oOCl oOepTaHHs
TaxeoMETPa;
- OOMIHIOBATHCS TAaHWMH 3 30BHINTHIMU MTPUCTPOSIMU;

- IIponec po3paxyHKy 3 BUKOPUCTAHHSM MTPOTrPaMHOro 3a0€3MEeUEHHS.

3abopoHeH1 Jii:
- [IpairoBaTtu 3 npusiagom, 6€3 IHCTPYKTaXKY 3 TEXHIKUA OC3MEKH .
- IIpamtoBatu 3a MeXamMu JOMYCTUMUX MEK BUKOPUCTAHHS, BCTAHOBJICHUX JJISI
PUCTPOIO.

- Bigkmrouatu cuctemy Oe3mexwu.
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- Bunansartu tabnuuku 3 iHQopMaIi€ro Mpo MOKINBI HEOE3MEKH.
- PoskpuBarm  Kopmyc  NOpPHUCTPOIO,  3JIOBXKUBAaHHA  BIANOBIIHUMHU
TPAHCIIOPTHUMH 3aCO0AMHU.
- BHOCHTH 3MiHM B KOHCTPYKIIii 200 Moudikailii mpucTporo.
- BukopucroByBaTtu He3aKOHHO MpuAOaHE 00T THAHHS;
- BukopucroByBaTu SIBHO MOLIKOIKEHE 00T THAHHS;
- HaBMucHe HaBeIeHHS IPUCTPOIO HA JIIOJIUHY.
- MOHITOPHHT MalllMH Ta 1HIIMX PYXOMHUX 00'€KTIB 06€3 Halle)KHOi Oe3MeKku Ha
Oy/liBeIbHOMY MailIaHUUKYy.
- HaBenenns Ha coHie.
- HenocratHs Oe3nexka Ha OyJiBEIbHOMY MaWJaHYUKy (HANpPUKIAL, Ha
OyZiBeNbHUX MaillaHYMKax, JOporax TOILo).
OnepalliiHuii pu3uK:

e Illo6 yHMKHYTM KOPOTKOIO 3aMUKaHHS HE  PEKOMEHIYETHCS

BUKOPUCTOBYBATH BIXH NOPYY 3 CHJIOBUM KabeneM abo 3ai3HUIIEIO.
[IpodinakTuyni 3axo1u:
Tpumaiite iloro Ha Oe3rmeuHid BIACTaHI BiJl €JIEKTPOMEpPExi. K0 Bam
HEOOXITHO TpaIfoBaTM B TaKiid CHUTYyallli, 3BEPHIThCA JI0 0coOu,
BIJIMOBIJIAJIBHOI 32 OXOPOHY TMpaill B TakoMy MiCIi, 1 CTPOro
JOTPUMYHTECH HOTO THCTPYKIIIH.

e Ko npuiiMad BUKOPUCTOBYETHCS 3 BAKOPUCTAHHSAM PI3HUX BIX, PEHOK.
Kpim Toro, 3011b11y€ThCA PU3HUK MOLIKOKEHHS OJINCKaBKOIO.
[TpodimakTuyni 3ax01u:

HamaraiiTecs He mpairoBaTH miJi 9ac rpo3u

e He nanpasnsiite TpyOy Ha COHIIE, OCKIJIbKM BOHA JII€ SK 301UIbIIyBajbHE
CKJIO 1 MOX€E TIOIIIKOAUTH OYl Ta MPUJIa.

[TpodimakTuyni 3ax01u:

He nanpagnsiite TpyOy Ha COHIIE.
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e Ilig ywac 3iioMOK 1 poOIT HaA MICIIl ICHY€ PHU3UK HENIACHUX BHUIIA]IKIB,
SKIIO B HE TPUIUIETe JOCTaTHHOI yBarm yYMOBaM HaBKOJHMIIHBOTO
cepenoBuina (IEPEIKOIU, 3eMJIISTHI POOOTH, TPAHCIIOPT).
[TpodinakTuyni 3aX0aH:

BianosinansHa ocoba 3000B's13aHa MOMEPEANTH KOPUCTYyBada Mpo  BCl

MOJKJIMB1 PU3HKHU

e [lorani 3axonu Oe3neku Ha PoOOOYMX MICHSIX MOXYTh MPU3BECTH [0
HEOE3MEeYHNX YMOB, TaKUX SIK IHTECHCUBHUI pyX TPaHCIOPTY, Oy 1IBEJIbHI
MalJIaHYUKH Ta ITPOMHCIIOBI 00'€EKTH.

[IpodinakTuyni 3aX0/1u:
3aBXKIM CTEXKTE 3a TUM, 100 poOode Miciie OyJio OE3MEeUHUM IS
poboTtu.

e MexaHiuHI MOIIKO/HKEHHS, BUCOKI TEMIIEpaTypH 1 3aHYPEHHS B PIIUHU
MOXKYTb IIPUBECTH JO MMONIKOIKEHHS O0aTapei 1 MUMOBIIBHOTO BUOYXY.
[IpodinakTuyni 3aXx01u:
3axXUCTITh AKyMYJIATOP BiJ YJapiB i Bcokoi Temneparypu. He kunaiite 1
HE 3aHYPIOMTE B PIAMHY.

e He pexoMeHIyeThCS HOCUTH aKyMYJISITOp, HAPUKIIAA, B KUIICHI OJATY,
OCKITBKM KOPOTKE 3aMHUKaHHS MOXXE CTaTHCS, KOJM KOHTAKTH
aKyMYJISITOpA CTUKAIOTHCS 3 METAJIEBUM MIPEAMETOM.

[TpodinmakTuyni 3aXx01u:
[lepexonaiiTecss, MO akKyMyJsTOpHa OaTapes HE 3aMHUKA€ThCA uepes

KOHTAKT 3 MCTAJICBUMU IIPCIMCTAMMU.

Komropuc Ha BUIIYKYBaJIbHI po00oTH

XapakrepucTruka 00'ekTa Ha3Ba noxymeHTa oOrpyHTYBaHHS Pozpaxynok Bapricrs,
OyaiBHHLTBa 200 BHIY POOIT Ta Ne yacTuH, riaB, TaOJIHLp, BapTOCTI TpH.
ITYHKTIB
2 3 4 5

[onwoBi pobotu
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(ITommeoBi poOOTH) Tab6m.12,m.11.Kareropis 111 42 *70%* 37,49
Burorosnenns i 3aknanerns | k=0.85 - [Ipu npoBenenHi 0,85 *1,5
LEHTPIB. MOJILOBUX BUIIYKYBaHb 0e3
BcraHoBIEGHHS: HA36MHOTO BUIUIATH TIOJLOBOTO TTOCTaYaHHS
po0OYOTro IMyHKTY Ha MIISHIN | JIO IiH HA Il BUITYKYBaHHS
3 TBEPAUM MOKPUTTIM MMOBHHHHN 3aCTOCOBYBATHCS
noBepxHi 3emui. Hienipua KoedimieHT
MapKa,Tio0eb — IBSX. k=1.5 - logatok 7 no HactanoBwu,
I'nmnbuna 3axiiagaHHs,M 10 Tab1.2
0,15 (Kareropis cknamHocTi
1ID)
Pospaxynuxosuii nokaszHuxk
7[1 yenmp]
(ITonwboBi poboTH) Ta6n.18,m.3.Kareropis | 25,0 *0,2 * 5,14
PexornociiupoBka,BUMIp k=0.85 - IIpu mpoBeneHHi 0,85 * 1,21
KYTIB 1 JIiHI# TOJITOHOMETpIi. | MONFOBUX BUIIYKYBaHb 03
[NonironomeTpis 2 po3psiau BUIUIATH TIOJILOBOTO TIOCTaYaHHS
(Kareropis ckinagaocri I) JI0 I[iH HA IIi BUIIYKYBaHHSI
Po3spaxyuxosuii noxaznux | TOBUHHUHN 3aCTOCOBYBATHUCS
0.2[1 km] | xoediieHT
k=1.21 - JomgaTok 7 no HacraHogm,
Tabm. 1
(ITonboBi pobOTH) Tabn.25,n.2.Kareropis | 22,0 *0,2 * 4,53
HisemoBanust 111 kiacy k=0.85 - Ilpu npoBeaeHHi 0,85 * 1,21
(Kareropis ckiagaocTi 1) MOJILOBUX BUIIYKYBaHb 0e3
Pospaxynrosuii noxaznux | BUILIATH MOJLOBOTO MOCTAYAHHS
0.2[1 km noosiiinoeo x0dy] | 10 I1iH Ha IIi BUIITYKYBaHHS;
MTOBHHHHN 3aCTOCOBYBATHCS
KOe(IIieHT
k=1.21 - logaTox 7 no HacraHoBm,
Tabm.1
(IToboBi pobOTH) Tabn.66,n.2.Kareropis | 0,6 * 975,0 * 601,67
HisenroBaHHS mia3eMHHUX 1 k=0.85 - I1pu npoBeneHHI 0,85 *1,21
HAJA3EMHUX CHIOPYKEHb. MOJILOBUX BUIIYKYBaHb 03
3itoMKka criopy/1 HaJI3EMHUX BUTUIATH TIOJTLOBOTO TIOCTaYaHHS
(Kareropist ckiagaocTi I) JIO I[iH HA IIi BUIIYKYBaHHSI
Pospaxynxosuii noxkaznux | TOBUHHHUIA 3aCTOCOBYBATHUCS
975[1 konoosase, wypg, | xoedimieHT
sunyck, yeeoenns, onopa, y3] | k=1.21 - lomatox 7 no Hacranosw,
Tabm.1
(IToboBi poboTH) Tabn.66,n.4.Kareropis | 0,6 *975,0 * 601,67
HiBenroBaHHs mi[3eMHHUX i k=0.85 - I1lpu npoBeieHHi 0,85 * 1,21
HaJ3E€MHUX CIOPYDKEHb. MOJILOBUX BHUIIIYKYBaHb 0€3
HiBemoBaHHS criopy BUIUIATH TIOJHOBOTO TIOCTaYaHHS
Haazemuux (Kareropis JI0 LiH Ha Il BUIITYKYBaHHS
ckaaHocTi I) MMOBUHHUMN 3aCTOCOBYBATHUCA
Pospaxynxosuti noxazuux | xoeimieHT
975[1 konoosnse, wypg, | k=1.21 - Jlonatox 7 no Hacranosu,
8UNYCK, Y8edeHHs, onopa, y3] | Tabi.1
KamepansHi podotn
(KamepanbHi poboTH) Ta6n.86,m.1.Kareropis | 100,0 * 1,0 * 121,00
CkraiaHHs mporpamMu k=1.21 - Jonmatok 7 no HacranoBu, | 1,21




(TIpo€eKTY BUPOOHUIITBA)
IHKEHEPHO-TCONE3NIHUX 1
rigporpadiuHux
BUIIIYKYBaHb, TEXHIYHOTO
3BiTY.Bapricts
BUIITYKYBaHb,0 2 THC.
kp6.Llina nporpamu (IpoeKTy
BUKOHAHHS) BUIITYKYBaHb
Pospaxynuxosuii nokaszHuxk
1[1 npoepamal

Tab.1
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9 | (KamepanbHi poboTH) Ta6n.86,m.1.Kateropis 11 150,0 * 1,0 * 181,50
Cki1amaHHs IpoTpaMu k=1.21 - Jomarok 7 no HacranoBm, | 1,21
(TIpo€eKTy BUPOOHHIITBA) Tabm.1
IHXKCHEPHO-TCOIC3NYHUX 1
rigporpadigHux
BUIITYKYBaHb, TEXHIYHOTO
3BiTy.Bapricth
BUIIYKYBaHb,10 2 THC.
kp0O.1liHa TeXHIYHOTO 3BITY
Pospaxynxosuil nokaznux
1[1 36im]
10 | (Kamepanbai po6oTH) Tabm.18,m.3.Kareropis | 39%0,2* 0,94
PexornociupoBka,BUMIp k=1.21 - lonatok 7 no Hacranosn, | 1,21
KYTiB i JTiHI{ moniroHoMeTpii. | Tabm.1
[Monironomerpist 2 po3psian
(Kareropis ckimagaocTi 1)
Pospaxynrosuil noxkasnui
0.2[1 km]
11 | (Kamepanbai po6oTH) Tabn.25,m.2.Kareropis | 43%0,2% 1,04
HisemoBanns 111 kiacy k=1.21 - lomatrox 7 no Hacranosu, | 1,21
(Kareropist ckiagaocTi I) Tabm. 1
Pospaxynxosuil noxkasnux
0.2[1 km nodsitino2o x00y]
Burpatu Ha BHYTpilHIi k=1.25 - Jlo Butpar o (1250,5 * 0,09) 140,68
TPaHCIIOPT BHYTPIITHHOMY *1,25
TPaHCIIOPTY,BU3HAYEHUM 110 Ta0I1.4
ButpaTu Ha opranizariio i k=0.7 - [Ipu BuKOHaHHI [1391,18 * 58,43
JIIKBIIALIIO BHUIIIYKYBaHb Ha BijcraHi 10 25 km | 0,033 +
BIJI IOCTIMHOrO Micre3Haxomkenasa | 1391,18 *
JTOCITi THUIIEKOT (TIPOEKTHO- 0,027] * 0,7

JTOCITIIHMIIBKOT) OpraHizaliii 10
PO3MIpiB BUTpAT IO OpraHizamii i
JHKBiIaii
BHUIIIYKYBaHb,BU3HAYCHUM 10
Ta01.6 3 ypaxyBaHHSIM IPUMITKH |

Burpatu no meTposnoriyuHomy
3a0€3MeUeHHIO €JJHOCTI 1
TOYHOCTI 3ac001B BUMIpiB 1
JOJATKOBUX aMOPTHU3AL[IHHUX
BiJ[paxyBaHb 110
BUPOOHUYOMY YCTATKyBaHHIO
1 TpaHCTIOPTY

NOYHKT 14 BKa3iBOK 10
3aCTOCYBaHHS:

k=0,05




- NOIbOBI IHMHCEHEPHO-

1391,18*0,05
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69,56

2e00e3udni
- KaMepabHi IHJICEHEePHO- 304.48%0.05 15.22
2eode3uyHi ’ ’ ’
Bceroro nomsoBi pobotn +
mpancnopm ma opeanizayis i
JKeioayis + memponozia.
- IH)KEHEPHO-T€0IC3UYHI .1.2+3+4+5+6 (37,49 + 5,14 + 1320,06
poboTtu 4,53 + 601,67
+601,67) +
69,56
k=1.32 (37,49 + 5,14 1742,48
Koedoimient no miacymky +4,53 +
KOILTOPUCHOI BapTOCTi 601,67 +
BUIIYKYBaHb, BU3HAYEHOI 3a 601,67) +
IIHAaMHY BIAITOBIIHUX IJIaB 1 69,56) * 1,32
Ta0IUITh 30ipHUKA ITiH
i=39.66 (1742,48+199, 77003,46
Honmarok 7 no Hactanoswu, Ta6m.3, 11) * 39,66
.4 (IHKeHepHO-TeO/Ie3NTHI
pobotH)
Bcroro xamepanbHi podoTH +
MEMPONO2Is.
- IlKEHEPHO-Te0Ie3UIHI m.a.8+9+10+11 (121,00 + 319,70
pobotu 181,50 + 0,94
+ 1,04)+15.22
k=1.32 ((121,00 + 422,00
Koedoimient no miacymky 181,50 + 0,94
KOIITOPUCHOI BapPTOCTi + 1,04)+15,22)
BUIITYKYBaHb, BU3HAYEHO] 3a *1,32
IiHAMU BIIIOBIJHUX TJIaB 1
TabJmie 30ipHUKA 1IH
i=39.66 4220 * 39,66 16736,52
Jonarok 7 no Hactanosu, Ta0in.3,
.4 (IHKeHEePHO-TEO/Ie3NYHI
pobotn)
Pazowm, rpH. 93739,98
Pazom o komrropucy, rpH. 93739.98
18748,00
I11B (20,00%)
Bceroro, rpH. 112487,98

es sitnocmo mpu mucsaui cimcom mpuoysamo 0es ams 2puseHsb 98 Konitiox

Bceroro 3a komropucom

[1B 20,00% - Bicimuaoysame mucsay cimcom copox gicim epusetsv 00 koniiiok

Bceworo Cmo osanadysms mucsay vomupucma gicimoecsam cim epusersb 98 Konitiox
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BUCHOBOK
B naniit quniomHii poOOTI MPOAEMOHCTPOBAHO HASIBHUM CIIEKTP Me0AC3UYHUX POOIT,

K1 B KIHIIEBOMY Pe3yJbTaTi Mpu3Benu 10 ctBopeHHs: BIM-Mozeni 00’ exTy.

MoskHa MiIKPECIUTH, IO TaKUM METOJl BUKOHAHHA OOMIPHHX poOOIT, SK Ha3eMHE
Ja3epHEe CKaHyBaHHS IIOKa3ajo cebe¢ HaMOUIbIN JOpeYHUM Uil poOIT 3 00’ eKTamu
apXiTeKTypu. TaKuM YMHOM JOCATAETHCS BUCOKWN PIBEHb TOYHOCTI Ta BiAMOBIIHOCTI,

OJTHOYACHO 3 €KOHOMI€IO (hiHAHCIB Ta Yacy.

[Iporiec CTBOpEHHS MATPYHTS Y BUTJISAII OMOPHUX T'€OJIC3NYHUX MEPEXK, MPOPaAXYHKY
PI3HOBUHUX TOYHOCTEH IS BHUKOHAHHS TaKOro BHAY pOOIT, TaKUM CIIOCOOOM €
KJIACUYHUM Ta 3arajbHOBIIOMUM JJis reojesii. | sk BiioMo 3 poOOTH, BC1 BUMOTH 3T1HO
HOPMATHUBHO-TIPABOBUX JIOKYMEHTIB IIOAO HEOOXIAHUX TOYHOCTEH BHUKOHAHHS

r€0JIe3UNYHUX BUMIPIOBaHb OYyJIU JOTPUMAaHI.

Po6ora 3 HJIC Ta o00poOka pe3ynbTaTiB BUMIPIOBaHbL SBJISIE COOOKO JIOBOJI
3pO3YyMUIMM Ta TapHO BHUBYEHUW alropuT™M i, SAKWNA Jomomarae JOCSTHYTH

MaKCHMaJIbHOT HAOYHOCTI, IHPOPMATUBHOCTI, AKOCTI Ta, K HACIIIOK, PE3yJIbTAaTUBHOCTI.

[IpoyKT CkaHyBaHHS — «XMapa TOYOK», fKa JI03BOJIA€ 30epiratu JaHi Ipo 00’ €KT y
nu(GpoBOMY BUTJISAII JUIsl MOAAJBIIMX PI3HOMAHITHUX 3a7ad. Sk 1 B JaHii JUTUIIOMHIN
poOoTi, Ha T1i ocHOBI Oyno crtBopeHo BIM-momens apxiTeKTypHOI CHOPY/IH.
[HdopmariiitHa Mozenb crnopyAu, TOOTO TPUBHMIpHA BIpTyalibHa MoJeNnb OyAiBil B
nM(poBOMY BUTJISII BIATBOPIOE 1 30epirae BCl €IeMEHTH, (OpMH, pO3MIpH, MaTepiaiH,
komnoHeHtu tomo. Lo B cBoe yepry Ha Maii0yTHe Moke 3a0e3MeUnTH PI3HI BUIU

poOIT, Taki sIK: pecTaBpallisi, pPeKOHCTPYKLIisl, pEHOBALlIS Ta peBiTaTi3alisl.
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